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To THE 


COUNT BE BUFFON, 

§•<?. §•<?. §•<?. 

SIB, 

You did me honour by permitting me 
to address ' to you my Translation of 
your illustrious u^ork; and 1 am proud 
to exercise the privilege you so politely 
conferred upon me. The important in- 
formation it contains, and the eloquence 
of its composition, joined to the ingenuity, 
taste, and erudition, with which it abounds; 
induced me to think that a version' of it 
English language, by diffusing 
f^'lu^tirledge of Natqre, would increase 
the number of her admirers. The task, 
it must be acknowledged, was arduous; 
but your approbation and encouragement, 
by redoubling my vigour, diminished the- 
difficulty of the labour. 



DEDICATION. 


Ti 

It was with the liveliest pleasure that 
I received your communications, respecting 
the valuable pelformances you have al- 
ready published, and concerning those 
great undertakings wMch now engage 
your attention. 1 failed not to announce 
to youi;^friends in this country the ady 
vantages whieh Science and Literature 
have yet to expect from you ; and 1 need 
hardly observe, that their wishes and my 
own for the accomplishment of your pur- 
poses, are in proportion to the greatness 
of your talents. 

The success which tjic Translation has 
met with, I impute to the celebrity of your 
name, and to the high value of the 
original. 

I have the honour to be, with the 
most entire respect. 

Sir, 

cYoor most obedient, and 
Mojf 10 , 1781 . Most humble servant, 

WILLIAM SMELLIE. 
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BY THE translator. 


AT URAL History is the most exten- 
sive, and perhaps the most instructive and 
entertaining of aJI the sciences. It is the 
chief source from which human knowledge 
is derived. To recommend the study of it 
from motives of utility, were to affront the 
understanding of mankind. Its import- 
ance, accordingly, in* the arts of life, and in 
storing the mind with just ideas of external 
objects, as well as of their relations to the 
human race, was early perceived by all na- 
tions in their progress from rudeness to re- 
finement. 

But, notwithstanding the great adv^au- 
tages to be derived from the knowledge of 
Nature, Aristotle is the only ajicieht writer 
on Zoology who merits attention. In- 
stead of retailing fictions, or facts founded 
upon ignoirance and credulity, he invest!- 
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gated the relations and differences which 
connect and distinguish ^the various tribes 
of animals. What had been only.a chaos of 
detached, uncertain, and often fabulous, 
narrations and descriptions, he reduced 
in,to a scientific form, with a success so 
amazing, that, to this hour, no syste- 
matic view of animated beings has been 
attempted, the principles of which have ndt 
been adopted from Aristotle’s History of 
Animals. His analogies and distinctions 
are taken not only from the instruments of 
motion, the teeth, the eyes, the heart, and 
other external and internal organs of the 
body, to which the attention of our modern 
methodists has been chiefly confined, but 
from magnitude, figure‘, manners, faculties, 
and dispositions of mind. He attempted 
not to arrange and define every known 
species. This labour he left to men of less 
genius and more patience. His work con- 
sists entirely of philosophical dissdHations 
on the gener^. structure, manners, and 
dispositions of animals ; and his particular 
facts are ah^ays employed to support the 
principles which he is endeavouring to 
cstAblish. , 

. Pliny and A51ian, though they had tlic 
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iHi]strious example of Aristotle before them^ 
produced nothing, but crude collections, 
without discovering much taste, judgment^ 
dr knowledge of the subject. 

From this period, till the voluminous 
Gcsner and Aldrovandus appeared, the 
knowledge of Nature, like other branches 
of literature, was involved in the general 
gloom of ignorance and superstition. It 
was the object of these authors to amass 
every thing that had been said of animals 
by. poets, shepherds, grammarians, philo- 
sophers, physicians, and old women. Their 
prolixity, of cpurscj is insufferable. Their 
labours, however, may be regarded as rude 
quarries, from which some valuable mate- 
rials may be dug ; but the expense of re- 
moving the rubbish willj perhaps, overba- 
lance their intrinsic V9,lue. 

In the same classj with little exception^ 
may be ranked, Wotton, Belon, Rondele- 
tius, Salvianus, Johnson, and a multitude 
of similar writers. They all transcribed, 
and sometimes abridged^ the labours of 
their predecessors ; but they uniformly lost 
sight of philosophy and science. 

This race of phlegmatic writers was suc-> 
a 2 



ceeded by our celebrated countrymen Mr. 
Hay and Mr. Willoughby, who were ad- 
mirers of Nature, and lamented the slo- 
venly dress in which she had been formerly 
exhibited. They knew the value* of her 
treasures, and wished to show them in their 
native brilliancy. They I’cjectcd dubious 
and fictitious relations. They added, from 
observ^ion and experiment, many neW 
facts : they arranged animals under proper 
classes and subdivisions ; they described 
with accuracy and precision : they pointed 
out the impoiiiance of the science, and re- 
commended the study of it by the solidity 
and clearness of their views, and by the 
brevity and perspicuity of their composi- 
tions. This taste continued some time, 
and produced tlfe Works of Reaumur, 
Trembley, Bufibn, .and similar publica- 
tions. 

From beginnings so prosperous, much 
was to be expected. But the excellency of 
method was no sooner recognised than the 
philosophy of the science was netirly ex- 
tinguished by a profusion of new terms and 
arrangements. The justly celebrated Lin- 
meus, by persevering industry, join#d to 



the utility of his technical dictionary 
. unfortunately turhcd the attention of most 
naturalists^ though contrary to the learneli 
authbr’s design, from the great views of 
Nature’to the humble ambition of system- 
making. It is needless to specify exam- 
ples. Every philosopher must have ob- 
served, with regret, that inundation, of me- 
tfiodicaJ distributions w'hidh have succes- 
sively appeared during the course of these 
last thirty or forty years. Since Linnaeus’s 
works were published, the attention of Na- 
turalists has been principally occupied with 
criticising former arrangements, and fa- 
bricating new ones. The philosophy of 
the science has, of course, been almost to- 
tally neglected. Natural history has been 
exhibited in its most forbidding aspect, 
which has limited the study of it to a few, 
and these often not of the most brilliant 
talents ; for it has been remarked, that the 
parade bf learning, resulting from techni- 
cal phrases and definitions, allure some 
men to become what is called great natu- 
ralists, w^hose chief knowledge of Nature 

* Syst^a Naturae, which, with regard to quadrupeds, 
icw be considered in no other light. 
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is the knack of being able to name, with fa- 
cility, a great number of her productions.. 

This propensity for wultiplying metho- 
dical distributions, and disputing about 
their respective merits, has brought much 
obloquy on the science of Nature-. Men 
of sense perceive the folly of discussions 
concerning the local situation of an animal 
in a book. They consider the authors as 
learned triflers ; and, what is worse, they 
are apt to regard a subject, which affords 
no better entertainment or information, as 
barren and unprofitable. To no other 
source can we ascribe the following senti- 
ments, so frequently expressed by men of 
no inconsiderable talents : ‘ • That natural 
historians have seldom discovered exten- 
sive views ; that they confine their chief 
attention to the mere technical part of the 
science ; that they rarely take notice of 
manners and instincts, or the causes and 
CBConomy of animal action ; and that they 
never pursue these great and useful objects 
witli a d(^gree of taste and philosophical 
accuracy, proportioned to the importance 
of the subject.” These strictures are^com- 
mon : 1 wish that they had no foundation 
in truth. 
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In natural history, two ends only can be 
attained by system. Both of them are use- 
ful; but they are extremely different m 
their kinds. System may be employed 
either to facilitate the distinction of ob- 
jects, or to ascertain their relations in the 
scale of being. 

The first species of system, it is obvious, 
must consist entirely of a series of external 
or internal characters.. It is of little mo- 
ment, whether tlie objects ranked under 
particular Orders be mutually connected ; 
because, if we may judge from the many 
laborious, but abortive, attempts which 
have been made. Nature seems not to have 
exjtfressed such connexions in characters 
recognisable by our senses. A system so 
limited in its principles and design, can 
never assume any other form than that of 
a technical index or dictionary. If the ge- 
neral and particular characters be so 
markdd, that a student, after learning the 
divisions and language of the author, can 
investigate the proper names of the objects 
presented to him, this system is perfect; 
because its sole and primary intention is 
fulhl|ed.> 

Were every naturalist of the same send- 



ments with regard to this point} : many hla 
cumbranceS} which now load the science} 
would be removed ; the tyro womld not be 
disgusted and retarded by an infinity of sy- 
nonyms; natural history would acquire a 
more simple and intelligible form; and 
the number of its votaries would soon be 
augmented. 

The second species of system is more ele? 
vated and sublime. But, as it includes the 
whole philosophy of Nature, it requires a 
depth of judgment, a superiority of genius, 
an extent of knowledge, which are seldom 
united in the saqie person. Natural ob- 
jects are wonderfully diversified in their 
structure, oeconomy, and faculties. But, 
in these, as well as in many other circumT 
stances, they are no less wonderfully con- 
nected. ilere, then, are foundations for 
constructing the system of Nature. To 
mark the distinctions, to investigate the 
relations, to ascertain the great chain that 
unites the numerous tribes which people 
and adorn the universe^ would demand ta? 
lents superior, perhaps, to those of humar 
nity. We oifght not, however, to desjmir. 
Hardly any bounds can be set to the eom- 
^ned force of different minds acting sucr 



iressively upon ihe same subject. : Some* 
thing has already been done, More may 
in dme appear : Nature, in some future pe^ 
riod, may happily unite philosophy and 
Natural History, a pheenom'enon which has 
hitherto been but partially exhibited. 

Among, those authors, whether ancient 
or modern, who have contributed to unfold 
fhe philosophy of Natural History, the 
count de Buffbn holds the most distin-? 
guished rank. This learned and eloquent 
writer has introduced into his subjects a 
greater variety of disquisition, and given 
more comprehensive views of Nature, than 
any preceding or contemporary historian. 
Hi^* facts are, in general, collected with 
judgment and hdeKty; and his reasonings 
and inferences are not only bold and inge- 
nious, but adorned with all the beauties of 
expression, and all t^e charms of novelty. 
They every where lead to reflections which 
are mdmentous and interesting. They, ex- 
pand the mind, and banish prejudices. 
They create an elevation of thought, and 
cherish an ardour of inquiry. They open 
many great and delightful prlnspects of the 
jcecopomy of Nature, of the alterations and 
accidents to which she is liable, of the 
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causes of her improvement or degenera- 
tion, and of the genei'al relations that con-* 
nect the whole, and give rise to <all the di- 
versities which chai’acterise and constitute 
particular orders of existence. 

The original w'ork, of which I have at- 
tempted a translation, was undertaken and 
carried into execution under the munHicent 
encouragement of a great monarch. The 
design was to compose a history which 
should record not only every phsenoracnon 
in the universe that was already known, 
but to examine, describe, and delineate 
from the life, all the animals which could 
he procured by royal influence. A plan so 
extensive required the joint operation of, at 
least, two persons ; the*pne to compose the 
historical part, the other to dissect and mi- 
nutely describe every animal, both native 
and foreign, that shoq|d be obtained. The 
literary character and philosophic talents of 
the.r^count de Buflbn pointed him .tout for 
the execution of the first department ; and 
the acuteness and anatomical skill of 
Daubenton recommended him for that of 
the second. 

Three volumes of this great work'were 
given to the public in the year 1749. These 
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vdi'aines exhibited sneh displays of learn-.' 
ing^ taste, genius, and eloquence, as prn^ 
eirred to the author uncommon admiration, 
and excited a strong- and general desire for 
the co&pletion of his plan ; which, how- 
ever, from various causes, was not accom- 
plished till the year 1767 - 

The count de Buftbn, in the year 
1776, favoured the world with *a supple- 
mentary volume to his history of quadru- 
peds, which, beside an ingenious disserta- 
tion on Mules, contains the history and 
hgures of several new animals, and valuable 
additions to most of those described in the 
original publication. ► 

It ivould be improper to enter more mi- 
nutely into the hfttory or contents of this 
magnificent work. Such is the fertility of 
the author’s genius, and such his ardour 
for philp^phic inq|||fy, that, when treating 
of the^ most common animals, he often 
astonishes his reader with the profoundness 
of his remarks, and the beauty of his ana- 
logical discussions. 

But, though the publication was a great 
acquisition to literature j yet* the high price 
of *sixteen guineas, which was an una- 
voidable consequence of its Splendour, and 
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of the prodigious number of its elegant en- 
gravings, confined its utility to men of opu- 
lence. Sensible of this inconvenience, the 
count de Bufifon, a few years ago, pub- 
lished an edition in \2mo ; and, to bring it 
within the reach of common purchasers, 
he excluded from it the long and minute 
anatomical dissections and mensurations. 

After this short sketch of the count dd 
Bufibn*s History of Nature, it may seem 
strange that no decent translation of it has 
hitherto appeared in the English language. 
To such an undertaking, the great expense 
of the engravings was one solid objection. 
Another arose from the vast variety of 
learning employed by the author. When 
to tliese are added the exuberance of his 
fancy, the eloquence and force of his dic- 
tion, the delicacy and acuteness of his dis- 
quisitions, we should ^ther wonder how 
any man could reconcile himself to a task 
so laborious, and which required the uniom 
of such diversified talents. 

«• « * « « 

^is translation comprehends what is 
contained in the driginal fifteen vbldmes 
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in quarto, together with the supplemeutary 
volume to the history of quadrupeds, ex- 
cept the description of the king’s cabinet, 
the dry and uninteresting anatomical dis- 
sections and mensurations, wliich can be 
of little use but to professed anatomists, 
and have been properly omitted by the 
author in the last Paris edition. The me- 
thod of studying Natural history the re- 
prehension of methodical distributions ; 
and the mode of describing animals, are 
likewise omitted. The chief intention of 
these discourses is to ridicule the authors 
of systematic arrangements, and particu- 
larly the late ingenuous and indefatigable 
sir Charles Linnseus, whose zeal and la- 
bours in promoting the investigation of na- 
tural objects merit the highest applause. 
There is a stronger reason for this omis- 
sion : the same remarks and arguments are, 
perhaps, too frequently repeated in the 
history of particular animals. 

To render this English version more va- 
luable, the translator has added short dis- 
tinctive descriptions to each species of qua- 
drupeds. For these he has*-been indebted 
to.the laboui's of the learnedand ingenious 
Mr. Pennant. Beside these useful addi- 



tions, the synonyms, and the generic and 
specific char^tcrs given by Linneeus, 
Klein, Brisson, and other naturalists, are 

U 

subjoined to the description of each species; 

Where the author comiiiits mistaskes, ov 
where be recommends practices, regarding 
the management of particular animals^ 
which dill'er from those observed in this 
counti'y, the trgmslator has taken the li* 
berty of animadverting upon such passages 
in notes : but he has seldom taken any no* 
tice of peculiar theories or doctrines. These 
must rest upon the facts and arguments 
employed by the author. It was not the 
intention of the translator to write a com- 
mentary upon his original. 

The great variety of subjects discussed 
by the count de Buffbn, has already been 
mentioned. It is almost unnecessary to 
remark, that every subject demands a pe- 
etdiar style. A bare enumeration of facts, 
or descriptions of the dimensions, figure, 
and colour of animals, admit of no other 
ornament than that of perspicuity. To* 
pics of philosophy and argument require 
a iiigher and ■'more figurative expression: 
and addresses to the passions, and the finer 
feelings of men, give full scope to the exer- 
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else of genius and of taste. Of these dif- 
ferent species of writing, the examples are 

numerous in the works of the count de 

« 

Buffon. The translator has endeavoured 
to follow the original, as far as his abilities 
would pennit. The degree of success he 
has iittained must be submitted to the im- 
partial determination of the public. He 
sliall only say, that his, approJiiSnsions, 
though he is conscious of no voluntary 
negligence, are much greater than his 
hopes. 

In the dimensions of animals, the 
translator has retained the French mea- 
sures, The differences between the foot 
or inch of England, and France are so in- 
considerable, when applied to individual 
animals, that he thought it unnecessary to 
reduce them to the precise English stand- 
ard, especially as the dimensions are Eng- 
lish in the descriptions added in the notes. 
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OeORGE Louis le Clerc, OoUnt de Biif« 
fon, the son of a counsellor of the parlia* 
ment of Dijon^ was boi'n Sept. 
at Montbard, in Burgundf. He was edu* 
cated to the profession of the law^ but his 
inclination for scientific pursuits> which 
showed itself at an early age, diverted his 
attention into another channel, and diii* 
appointed the wishes of hi^’father. He 
was ‘first attracted by astronomy, which 

h 
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he puraued with all the ardour of youthful 
expectation; and, to facilitate his favourite 
study, applied himself strictly to gemue- 
try, and made Euclid his constant com^* 
panion. 

At twenty, he travelled into Italy, but 
he had then acquired such an inclination: 
for the pursuit which afterwards engrossed 
all his attention, that the works of art 
were neglected for those of nature; fields 
and woods had more charms for him than 
palaces and pictures ; and he was more in- 
clined to the study of ’the brute creation, 
than the contemplation of learning, policy, 
or manners. He concluded his travels 


with a journey to England, and, at the 
age of twenty-five, returned to Paiis, and 


spent the^emainder of his life either in, 
that city^ or On his estate at Montbard. 


< In 1728, He succeeded to his mo^ 
fortune, , which was. sufficiently anil 
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place him in a state nf affluence and inde\ 

I 

pendence, and to clear his literary path of 
those obstiuctionsj which genius^ unaided 
by wealthy can seldom remove. 

In 1739^ on the death of Mi Dufay*, 
he was appointed superintendant of the 
Royal Garden and Cabinet; a *situatiou 
which he held during his life, and for 
which he was admirably calculatedi It 

* When Dufay was upon his death-bed^ some misun* 
derstanding, which had previously existed between him 
and Bufibn, was kindly removed by Hellot, a member 
of the academy^ and the friend of both. He succeeded in 
advising Dufay to send a recommendatory letter to the 
minister, which contributed greatly to turn the scale in 
favour of Bufibn} who liad then to acquire that reputation 
which he atferwards enjoyed. Duhamel, who was at 
that time employed, with great credit to himself, on se-* 
Tend iibportant woilcs in natural history, iras said to have 
had a simeriofr dtle to the situation; but he was at the 
same time appointed inspector of the marine and Maur 
the minister, thought that the ^u^ of two such 
intM^t places, was ihore than one man could well 
> dbctt|e. 

h2 
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i^rias during the time he enjoyed this ap" 
pointment, that so many marks of distinc* 
tion were paid to his merit. His name bO* 
came universally known, and his taste few 
natural history universally acknowledged. 
Objects relative to his favourite pursuit 
were sent him from all parts, and cases 
directe^to the count de Buffi)n, when taken 
at sea, were respected even by pirates, and 
forwarded, unopened, to Paris. 

He was now noticed by persons of the 
first distinction ; nobility, princes, and even 
emperors, honoured him with theirpresence, 
and flattered him by their regard. He had 
a grateful recollection of the preference 
shown him by the late empress of Russia; 
her correspondence gratified his "vanity, 
which was increased by her desiring his 
bust, to place in her palace. 

Whilst hlf M^as thus distinguished) ‘ £ 
prince of Austria visited; the Royal 
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and was presented by Bafibn with a superb 
popy of bis works, which his highness, 
from an unintentional forgetfulness, left 
behind ‘him, When the emperor, some 
time after, came to Paris, he hastened to 
repair the neglect: “ I come,” says he 
tb the count, to take from you' those 
books, which my brother so unfo^unately 
forgot.” 

At another time, prince Henry of Prussia, 

. after having dined with the philosopher at 
Montbard, heard him read bis history of 
the swan: when $udbn concluded, the 
prince expressed his satisfaction, and, on 
his return to Berlin, sent him a beautiful 
breakfast-set of porcelain, on which, was ' 
painted the swan in all the situations and 
attitudes described in his history. 

With such marks of favour and atten- 
tion, from persons of the highest rank iu 
^piely, it would he somewhat surprising to 
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find him deficient in one of the striking 
*characteristics of his nation. was 

FSioj but Ins imnity was so ifor oxcasalde^. 
since it was founded on a cons^i^iis 
rioiity of talents, and raised by the re- 
peated and unqualified praises of his 
friends* , 

He studied at Montbard, in a pavilion 
about a furlong from the house, called the 
tower of St. Louis. It stood at the end of 
the gardeUf and was accommodated only 
with a wooden desk and an arm chair. 
Within this was another sanctuary, called, 
by prince Henry of Prussia, the cradle 
of natural history:’’ here he composed his 
wcH’ks, and on this retreat no one was suf- 
fered to intrude. 

He was indefisitigable in his application, 
was extremely fond of study, and yet, in 
his early da^s, felt the inconveniences of 
indolence. He said to the chevalier Aude, 
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I was a great lover of my jied in my 
youth. My pqoF. Joseph” (a servaiit who 
nith^ hhil more th^u sixty yearfi) 
sislf^ UMi gr^tIy,tq:OQ»qi|/er thikt pr<q»^ng 
sity. I pr^mM, hua ;a iprowu ev§ry time 
he roused; me at six. .The next mprniug 
he did not fail to do his jluty, I re» 

9 

pulsed him; ho came the morning after^ 
and 1 threatened to turn him out of the 
room. Thou hast gained nothing Joseph, 
and 1 have lost my time, said I to him at 
noon; you know not how to manage me; 
^ink only of my promise, and do not listen 
to my threats. The next morning he fiil- 
filied my wishes, hy forcing me to rise in 
spite of my ill humour; and every succeed* 
ing day he was indemnified foi- my cross * 
temper when I awoke, by my thanks and 
a crown, which he received an hour after; 
indeed, 1 .owe io. my poQr:^loseph ten or 
twelve volumes of my works,” 
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The chevalier Aude speaks of Bnflfon 
M excellent and afection^^ ^hu8»aii«8 
He married Mademoiselle de St. Beriitf, 
a young lady of good family, agreeable 
manners, and great beauty, but of WO 
fortune. "While aVie lived, he did all in 
his power to laake per happy; and ercf 
after her death, retained a tender regard 
for her memory. 

In 177 1 ) bis sovereign conferred upon 
him a flattering mark of distinction, by 
erecting his estate into a comte.’ Thus by 
investing Bufibn with a. title, to which he 
was by no means indifferent, he gratifled 
a man to whop literary fame was every 
liking, and who well knew that tfte popu- 
larity which be had gained by his writings, 
would suffer no* diminution from the ac- 
quirement of rank. 

Much of the latter parLof Bufibn’s life 
was spent in pain: he was afflicted with 
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|xne oiltbe most exoraciating disorders to 
wbicM oar irofloie is liable; and suflfered al^ 
that' tdrture from the stone, which mii^ 
be felt,* |)ut cannot ' be described* He is 
said to have borne his malady with great 
fortitude and patience, and to have lingered 
dh till the 81st year o|^ his -age. •He died 
on the 16th of April, 1788, and his body, 
after being embalmed, and presented first 
at St. Medard’s church, w'as conveyed to 
Montbard, and interred (by his previous 
desire) in the same vault with his wife. 

In his Jiist momepts, he was attended by 
an affectionate and respectable ' female 
friend. Madam Ncckar,iwho seldom quitted 
him durthg the continuance of his com^ 
plaint.* Some days before his death, he 
refused all kinds of nourishment. ^*It is 
not,” says he to the people about him, 

‘‘ that 1 am an UQlmctable patient; but what 
can ypur attentions do for me? they are 
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useless; I feel that. I am dying.” He ex- 
pressed some impatience the arrival 
of the priest, and said, “ They leave me 
to die without the sacrament.” -On re- 


ceiving the last assistance which it was in 
the power of the church to give him, he 
publicly renewed the^rofession of his faith; 
and, desiring his son to approach, said to 
him, ** Never quit the path of honour and 
of virtue, it is the only way to be happy : ” 
soon after this, he pressed the hands of his 
.friends, and, for ' the last time^ closed his 
e^. 

Every proper respect was paid to his 
body, and his funeral was attended by most 
lof the academicians, and persoclliaf rank, 
and literary note; besides a crowd of at 


least twenty thousand people, , who lined, 
the streets to see him pass. Thus the at- 


tention and deference whjj^h the siipeiioi^y 


of his talents exacted during life, were 
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continded to his remains after his decease ; 
and therefore:il^e following severe remark, 
in his observations on old age and deaths 
though *it is confirmed in too many in* 
stances, can in nowise be applied to him. 
The greatest part, even of the most sa* 
vage i^eople, pay mor^ attention 'than we 
to their departed friends. What we es* 
teem as a ceremony only, they regard as 
a primary duty: they respect their dead, 
they clothe them; they speak to them; 
they recit^their exploits; they praise their 
virtues: but we, who pretend to superior 
sensibility, fly jfrom our dead, and inhu* 
manly abandon them; we have neither the 
couragi^iior the inclination to speak 
them;* we even avoid such objects or situ* 
ations as inight recal the idea of them : v^e 
are therefore either more indifierent or 
;t|leaker than saipges*.^* 

♦ Vol. ii. p. 228 , 
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The stones taken from bis body after 
death, weighed two qunces six drams ; and 
it was the opinion of the faculty, that U-> 
thotomy might fiave been performed with- 
out danger, if he would have submitted to 
the operation. 

He left an only ^on, a major in the 
regiment of Angoumois, who, in the year 
1793, when only thirty years of age, fell 
a victim to the revolutionary tribunal, dur- 
ing the sanguinary reign of Robespierre, 

Bufibn, had a noble, manly figure, and 
a ^m, placid, and very intelligent coun- 
tenance. He was vain of his person, and 
so attentive to his external appearance, 
that he would employ a hair- di&er two 
or three times a day, and appear, on Sun- 
days, before the peasantry at ‘Montbard, 
in laced clothes. , Jie was extremely te? 
nacious of hi^ titleT^hnd) ^otwithstaiHli 4 i 
his philosophy, was very jealous of any 
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iiifringement on the rights of his new 
county. He was of a lively, cheerful dis* 
position, and a great talker; but in his 
turn, hb would listen to w!^at others had to 
say, and politely attend to frivolous, as 
well as learned discourse. 

Of his domestic ha|^its, we have the fol* 
lowing account. He generally rose before 
six, dressed himself for the day, dictated 
his letters, and regulated his family con* 
cerns. About six, he retired 4o the tower 
of St. Louis at the enH^ of the garden, 
and studied till nine, when his break^t 
was brought him, which consisted of two 
glasses of wine and a slice of bread. 
After Im&kfast, he wrote for two hoursi' 
and then returned to the house. At ^nher, 
he indulged in ail the. gaieties and trifles 
that occurred at table#«and sometimes in 
^Ifreedom of c<|nvm'sid:ion, which, before 
ladies, exceeded the rules of deheacy and 



Xxxviii SOMS ACGOtJNl^ of T&f 

deconmi. When dinner was finished, hcf 
paid little attention^ either to his family 
or guests; generally slept about an hour 
in his rocnn; then took a solitai^ walk, 
and concluded the day by convetsing with 
his friends, or examining papers that were 
submitted to his judgment: at nine he 
went to bed. The greatest portion of his 
life was spent in this regular manner: 
one day was the history of nearly fifty 
years; and our surprise at the quantity 
he composed wit! be lessened, when we 
consider the time he. set apart fmr the 
purpose. 

He was passionately fond of music, and 
was often mored to tears by thewtarmony 
of fine sounds. Some years before he died, 
he said to the curate at Montbard, ** Do 
you know why JiiLSO seldom attend at 
mass? it is Because 1 cannot assist at tli^ 
awful cemnony without shedding team.’* 
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Ail apolo^, in such a case, is always 
weak, but by no means singular : we olften 
hear of inconveni^ces in a churchy which 
are not noticed dsewhere; and the mind 
is very ready at inventing an excuse i«r 
the omission of a duty, which we feeMt 
^rong to neglect, without' having any in- 
clinationto perform. 

it is said that he was lax and unguarded 
in his intercourse with women; that he 
used expressions before females which 
were neither fit for them to hear nor him 
to uttef; and that he wds unfaithful to his 
wife. It is not for me to attempt a re- 
futation of these charges, the general 
ten(H* oP%is writings give but too much 
reasoil to suspect, their truth; yet as the 
biographers of hfa own country, while 
they freely criticise ^^vaniCy, are: silent 
ndth respeet to his vice, if will be but 
common cliarity to hope that his accuseiv 
were misinformed. 
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It is to be lamented that a bright geoiits 
and a cultivated understandings does not 
exempt its possessor from the common 
failings of humanity; and that education, 
however it may tend to control the pas- 
sions, is often insufficient to subdue them. 
Sufibn was extremely envious of his great 
cotemporary, and seldom mentions Lin- 
nteuS} or his system^ without expressing 
contempt. The naturalist of Sweden, on his 
part} never deigns to quote Bufibn, al- 
though he must have been well aware of 
the ample elucidations his works would 
have afforded him. 

Buffi)n wrote with difficulty; he would 
sometimes spend a whole morniii^in turn- 
ing a single period; and was very* parti- 
cular in forming the style of his writings. 
He often repeated, that style was every 
thing; that an author could not consider 
it too carefully, and that the poets have 
no stvle, because thev are confined to the 
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jhules of metfdj which enslaves theini. 
Such ah assertion would ' hardly be ex- 
pected from & man of letters $ but it seems 
that) from some unsuccessful attempts iii 
his youth, he took a dislike to pbetry, 

and therefore ventured an opinion on 

» 

fVhat he did not *^understa!nd. He consi- 
dered style as being formed of two things^ 
invention and expression. “ Invention,^ 
says Buffon, ** depends on patience; con- 
template your subject at leisure, and it 
will gradually unfold, till you at length 
feel it, like an eleotHc spaiic, strike upOn 
the brain, and communicate td the heart.*' 
He describes this as the favourable mo- 
ment, wid ivhat, at other times, may be 
called *the toil of authorship, becomes a 
pleasure: when the luxury of genius is 

Mt in its fUli^ 'exfeid;^ andr the ndndr is 

«• 

as tidily ^sposbd to Su^est^ as* thb'pmi' 
Bt'lb execute! “ At such times/* says 
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^uffon, “ I have spent twelve or fourte«i 
hours at my 4esk with great delight/’ 

It is reasonable to suppose> that the 
full enjoyment of the comforts of this 
life, and the respect and homage^ which 
Ms learning and fortune procured him 
fpoiilt.theo world, contributed not a little 
to increase his attachment to literature* 
He was placed in a state of affluence 
far beyond the ordinary reach of pecuniary 
embarrassment, and therefore knew not 
the distress which attends a dependence 
for ; support on the will of others. His 
literary path was strewed with flowers. 
He never felt the want of fortune, or of 
irlends; and was consequent]^ spared 
tlie misery which genius too often ^sufifers 
from: indigepce, and the neglect which 
is so gene^ly iproduced by poverty. 

It , is satd'of him, that when' he was 
recmnmi^dmg the perusal of capital wc^^ks 



tIPB of M. mvtfov. xliu 

ili every department of taste and scieiiee^ 
he added^ with MlngtdBr self-confidence^ 
Cartel works are scarce. 1 know 
Wt fiv€f great geniuses, Newton, i^acon^ 
Leibnitz, Montesquieu^ and myse^** 
He would refcite whole pages of his writ- 
ings to his friends ; and, notwithstanding’ 
his vanity, was ever ready to listen to 
their objection's, to argue points of dif- 
ference with them, and to yield to their 
suggestions, when he was convinced of 
their judgment. 

His earnest desire of literary fame, made 
him carefully and repeatedly revise his 
works before he published them; and, 
rather tHkn hazard his reputation by pos^ 
thumoBs publications, he destroyed every 
paper which he considered dther as 
useless or unfinished. Those who are 
inclined to judge him severely,*say, that he 
often, uses, language which is too lofty 

c2 
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his subject/ unE that *he'*lbdit]ge£( hi 
a Wain of doq^iShce, wh6t« plidnf trridng^ 
only is re^piSfedt Hke Abbt has 

made the foIkkVPing reihark’im this p<$st« 
tHMn: ** Whftteisdr'‘li3 intended t6 he pi^)-* 
jlpunced/' ' says the Abb^^ ** ought to be 
elo^cmt', that which is memit to be 
iead, may also be elo^foent, but it should 
not be t^'iDUdb so; what appears elo- 
^eat in an oration, seems like bombast in 
a subject which does not admit of eh>» 
quence: we may describe a battle between 
spiders and dies with warmth; but, in 
such a case, we have' wo right to assume 
the tone of Homer, when he paintd the 
wrath of Achilles V* 

'^The first worhs fta which SNMRua^gtiEf^d 
Were transblfions frcm tlhe^ >£lftglith) of 
Hales’s V^dable 'Stoticty ^mid 
d^luxionS: the firirt,' published fiwljl^^pakid 
the last, ^ in 1740.* ^ci#^«Wereid^W«d 
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by bis of^the S<irth^ which XDa4fL 

its l?44> mid was afterward}, 

i^rjpoiated yfiOsi hsi Natiiiral Histoiy^ 
His gpettt and cel«]l^t«^w<m^k, the N«tti<( 
val Hiatmy of Mao aiadQiiadnipeds, com-' 
menced'io 1^49, aod was completed ip 
1767) io fifteen TolpmfiS) 4t«. Seven aup^ 
plementory roluiaes were * afterwards 
added. The anatomical part of this great 
labour was entirely the wcsrh of his* coad* 
Jtdor, M. Haubenton, 

A long and severe in^position, with 
winch BujQfon was afiUcted, after the 
eom^ticm of his jQuddropeds, interropted 
his literary kibours, and prevented the two 
first volnlhes of his History of Birds <frQta 
appeartog taH the year 172V . He,* urns 
greatly beoitehted Soap thei ,compt^ion. of 
Amfrto Gmimeau da Mo4theiUard» whose 
style itodsofMoaier fferesojti^ owoi 4ha| 
ifhe-^pahlie 4mqH>dt^eHy;dis<ingiddi jdie 
one from the other. In the four, succeed- 
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iai^ v volumes, >ui wliich he . was ’assifitecl 
by the same persom difiK^rabce is immei 
diately detected ; the name of each wpter be-; 
ing prefixed to his respective aHielesi Hiere 
m-e iu all nine volumes, and in the three 
last he received most essential assistance 
front ^ th^ Abb4 Bexon, whose knowledge 

of the snbject enabled him to communi-* 

% 

cate many useful observations, ^e work 
was completed in 17 ^- In the same yearj, 
he produced the first volume of his History 
of Minerals, which was completed in 17^88, 
in five volumes, dta Tcktbese works by.Buf- 
fion, his friend and pupil, I^tcepede, added 
the Oviparous Quadrupeds, Serpents, and 
Fishes, As a guid^ to those trho may 
he disposed to consult Bufibn in hfs own 
language, 1 have noticed the different 
Pai^ editions, from the earliest to 
present time 

.i- 

e Pu&n, (Gt. L. Ledcrc, comte de) Histoire 
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The labours of Buffi^n have mw beea 
knoim to the public for more than <half 

, ^atorell^ g^nferale et particuliere. Paris, 1749, 
et suiv. 45 tom. 4to. 

The volumes which compose this edition are thus di- 
vided: 

• Tlic HieoTy of the Earth, with die Histoiyo* Man 
and Quadrupeds, 15; Supplements, 7> Bird%9; Mi-. 
ncrals, 5 ; Oviparous Quadru^ds, and Serpeiits, 2 ; 
Fishes, 5 ; Cetaceous Animals, 1 ; Atlas, 1. 

The cqiies in which the errata are placed at the end of 
each volume contain the best impressions of the plates ; 
the errata being omitted in the second and subsequent 
editions. 

CEuvres complete de Buffon, &c. Paris, 1774, 
et suiv. 36 tqm. 4to« 

The anatomical part in this edition is omitted. 

Histoire Naturelle, gen^rale et particuliere, 
de Buffon, &c. Paris, 17 ^ 2 , et suiv. 89 tom. 
iSmo. 

The same, wldiont the anatomical part, in 71 rokmies. 
The same, published in 1785-^91, in 54 volume^ with 
coloured figures. Tliis edition wants the oviparous qua- 
drupeds, serpents, and fish^l* and is very indifferently 
executed. 
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a centwy. They have long ago > {^ed 
ditioal ordeal^ aii4 ft is pretlygeii 0 «s 


pise nn npayel Ordre^ 

PaiiSj 1799 * tom. l8mo. 830 pWches. 
Jpte re ^ftre cc^ies of this edition' on '6ne paper, mth 
ofdontted plates. 


< Histoire Natoifelle, &c., de Cour^ 

complet, mise en Ordre par M. M. Castel et Pa* 
trim Paris, 17991 — 1802, 80 tom. 18mp, 
figures plain and coloured. 

Besides the works of Bulibn, this pretty ediden contains 
the natural history of fishesj' reptiles, insects, sheik, 
pleats, apd nenerais. 

Histoire Naturelle, &c., do'Bo&n i r^ifigfr par 
C. S. 3onmnt. Paris, 1799^ at sniv. 12^ tom. 
8vo. figures plpB aad cet^ored* 

This is the latest and ^t edition of Buffon’s 
works, in which all his supplements are 'properly in- 
ooipon^d, a^ madeby^onoini. It is 

edotinued fo as to form a compete course of natural 
]]^torjt. Iho.^t 64 yolwnes contain the woiks of 
the rest sire fa eoh^tfaiton. 

Bu^n et Montbeillard. Histoire Naturelle 
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rally acknovirledged, that while th^ con- 
tain mftch ) to praise, they^ are hy no 

¥ reproach4 ^ 

they tiroMgal'<fe, 

htiv^lmy rdiation to religion, are ex* 
trmely erroneous. The reader will soon 
perceive that Boffon is strongly, attached 
to the system of materialism ; that he is a 
decided enemy to the doctrine of final 
causes ; and that he refers to unconscious 
nature, every operation that ought to he 
attributed to a designing and benevolent 
Deity. He never looks through nature, 
up to nature’s Go<4” but perversely substi* ' 
tutes the effect for the cause, the emana- 
tion of the Divinity, for the Divinity 
itself, * 

des OiseatCK. Buis, 1771* tO* tom. fbt. et 
4to.^ 

* •* , 

This sfAendid editkm of die Unfa Mn| j^rioted in folio 

and quarto, and onlaina jOhS ^doundpOfoi^dS 
r^resefit ipsects. 
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Vi 

^eXy his grossness is’dflhnttVej llod that 
which ought ta be treated with ell: modestjr 
of expicessioU) is frequently displayed witii 
a stuiied sensuality, that defeats the pur- 
_£Ose it was intended to promote. The 
mind revolts vt such glaring want of 
delicacy, and all desire of information is 
lost in feelings of disgust. 

Independent of these blemishes, which 
are not to be defended, ** no writer,” as 
it has been justly observed, has ever 
done so much to ‘render natural history 
entertaining, or to elevate its rank among 
the objects on which the human intellect 
has been employed.” Hie strongest proof 
that can be given of this assertion is| that, 

i 

notwithstanding the objectionable parts, 
his works have been eagerly sought for in 
different countries, and translated into 
several languages. It may be also added^^ 
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Uni^fiersaUy availed tliemselves' of liis in*» 
Ibmation*, though frequently without lio* 
knowledgment. 

To Buffon, therefore, cannot be refused 
the first rank among the writers on na-^ 
thral history. His labours afford ample 
proofs of the power of genius, when di- 
rected by taste, and his particular de- 

I 

scriptions of animals often exhibit an de- 
gance of style, which in no other w^ork, 
of the kind, is to be met with. He bad a 
mind well calculated for his task, and 
was indefatigable in his exertions to pro- 
cure information. He spared no pains or 
expense to forwm-d his undertaking, nor 
any labour to complete it. Inattention 
and idleness were equally unknown to 
him. He never wasted the day in making 
resolutions for the morrow ; 'but, by con- 
stant and well r^ulated exertion, has left 
us a striking example of what may be 
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doae.% a 
a doii- 

passes ’■ ' a^ 

steady '^drsererante in trhateTef^Wd’ titi^ 
•dertakie. 


r [Before I conclude this account of 
Bufibn, it will probably be expected of 
me to say something on the alterations^ 
the additions, and, what I may esteem, 
the improvements of the present edition. 
The editor of a book .is generally consi- 
dered as a sort of drudge, who, if he 
exerts himself to the utmost, may indeed 
escape censute, but can scarcely hope 
for praise. His duty is reckoned a dull 
one, and his notes are often entirely dis- 
regarded ; or, what is worse, are condemned 
for increasing the TOhune of the book, 
by occupying a 'space thnt would hava 
been boCtm* filled b]^the attthor. -I have, 
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affoiM to jediton by.tl^e 
undertaken .the present task, «|d hnw 
devoted my nights to its completioD# 
Many works have been consulted^ and 
many .volumes attentively examiyed in its 
progress; and this, not in the calm and 
undisturbed enjoyment of my time, but 
subject to those professional interrup- 
tions, which originate in the diseases of 
our fellow-creiitures, and therefore admit 
of no excuse. 

Ihe translation of the quadrupeds, by 
Smellie, in comprehends all that was 
at that time published by his author, and 
the supplements (as in the original copy) 
were left at the end of their respect- 
ive articles. These have been incorpo- 
rated in their proper places, as .well as 
the whole of the i^nth ,y^\ume, relating 
to the theory of t)ie earth. The Eng- 
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lish text has been very carefully com- 
pared with the original, and freely cor- 
rected, wherever it has appeared to want 
amendment. The numerous additions 
. which the count de iQ^fibn made to the 
i lust^wy igr* ^uadlfiip^dSf^ after Si»ellfe*a 
published, ha^ been regular^ 
translated, (except , a ’Unless dissertation 
.on mule dogs,} and add^ to the^ pre- 
senl* edition. .These additions accom- 
panied by 110 extra plates, engraved for 
the purpose. BufTon was greatly averse 
to systematic order; his different ani- 
mals are therefore left where he placed 
them, except in a feW instances, especially 
among the smaller quadrupeds^ as in the 
bats and squiitfls ; which are now placed 
in succession, to obviate the necessity of 
turning, so frequently, to different vo- 
Fumes, for the same kind of animals. 
The X^innseaff generie;.and specific char^- 



Life op m. de buPfon. Iv 

ters, to each genus, and article, have 
been regularly arranged; the references 
to different authors, carefully examined; 
and tho particular countries which the 
animals inhabit, briefly noticed. A synop- 
sis of such qtmdrupeds as have been dis-> 
cfTrered dnce the of Bufibn, is nou^ 
added as an Appendix; and it may be 
iproper to observe, that every alteration 
or addition which has been made to the 
work, except in the text, is distinguished 
by a TV., that no errors or imperfections 
of mine may be unjustly charged upon 
another person. In conclusion, 1 must 
offer my best thanks to Dr. Latham, of 
Rumsey, for the use of his excellent 
Index jOrnithologicus, to which 1 am 
wholly indebted for the specifications of 
the Birds^ 




THIS 


HISTORY AND THEORY 


OF THE 

E A R T a. 


The figure of the earth*, its motions, or the 
external relations which subsist between it and 
the other parts of the universe, belong not to our 
present inquiry. It is the internal structure of 
the globe, its form rniti laaiincr oi oxisience, 
which we here propose to examine. The ge- 
neral history of the eartli oiight to precede 
that of its productions. Details of particular 
facts, relating to tlie economy and manuors of 
animals, or to the culture and vegetation of 
plants, .are not, perhaps, so much the objects of 
natural history} as general deductions from the 
observations that have been made upon the dif- 
ferent materials of which the earth’itself is com- 
posed } as its heights, depths, and inequalities ; 
the motions of the sea, the direction of moun- 

^ Sec subsequent proofs of the theory of the earth, art. i 

vor.. I. B 
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tains, the situation of rocks and quarries, the ra- 
pidity and efl’ects of currents in the ocean, &c. 
This is tlic history of Nature at large, and of her 
principal operations, by which every other infe- 
rior or less general effect is produced. The the- 
ory of these effects constitutes what’ may be 
called the primary science, upon which a precise 
knowledge of particular appearances, as w’ell as 
of terrestrial substances, solely depends. This 
species of scieqpe may be considered as apper- 
taining to physics ; but, is not all physical know- 
ledge, where system is excluded, a part of the 
history of Nature ? 

In subjects of an extensive kind, the relations 
of which it is diflicnlt to trace, where .some facts 
are but partially known, and others obscure, it is 
more easy to form a fanciful system, than to 
establish a rational theory. Thus the theory of 
the earth has never hitherto been treated but in a 
vague and hypothetical manner. I shall, there- 
fore, exhibit a cursory view only of the notions of 
some authors who Ijave wribta upon this 
subject 

The first h^'pothesis I shall mention is more 
conspicuous for its ingenuity tlian solidity. It 
is the production of tu English astrobomer *, 
who was an enthusiastic admirer of sir Isaac 
Newton’s system of philosophy. Convinced 
that every possible event depends upon the mo- 
tions and direction of the stars, he endeavours 
to prove, by means of mathematical calculations. 


* Whiston. See the proofs^ art, ii. 
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that all the clianges this earth has undergone 
have been produced by the tail of a comet. 

For another hypothesis, we arc indebted to a 
heterodox divine whose l^rain was so fully im- 
pregnated with poetical illusions, that he ima- 
gined he» had seen the universe created. After 
telling us the state of the earth when it first 
sprung from nothing, what changes have been 
introduced by the deluge, what the earth has 
been, and what it now is, he assumes the pro- 
phetic style, and predicts what will be its condi- 
tion after the destruction of the human kind. 

A third writer f, a man of more extensive ob- 
servation than the two former, but equally crude 
and confused in his ideas, explains the principal 
appearances of the globe by the aid of an im- 
mense abyss in the bowels of the earth, W'hich, in 
his estimation, is nothing but a thin crust, in- 
closing this vast ocean of fluid matter. 

These hyi)otheses are all constructed on tot- 
tering foundations. The ideas they contain arc 
indistinct, the facts are confounded, and the 
whole is a motley jumble of physics and fable. 
They, accordingly, liav'e never been adopted but 
by men who embrace opinions w’ithout examina- 
tion, and who, incapable of distinguishing the 
degrees of probability, are more deeply impressed 
with marvellous chimeras than with the genuine 
force of truth. 

!My ideas on this subject will be less extraor- 


* Burnet. See proofs, art. iih 
t Woodward. See proofs, art. iv- 
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diiiary, aiul may even appear unimportant, when 
compart'd with tlie grand systems of such hypo- 
thetical writers. But it should not be forgotten, 
that it is the business of an historian to describe, 
not to invent j that no gratuitous suppositions 
are to be admitted in subjects which depend upon 
fact and observation j and that, in historical com- 
positions, the imagination cannot be employed, 
except for tlio purpose of combining observa- 
tions, of renJejing facts more general, and* of 
forming a connected whole, which presents to the 
mind clear ideas and probable conjectures : I say, 
probable ; for it is impossible to give demonstra- 
tive evidence on this subject. Demonstration is 
confiiiod to the mathematical .sciences. Our 
knowledge in physics and natural history depends 
entirely on experience, and is limited to the me- 
thod of reasoning by induction, 

With regard to the history of the earth, there- 
fore, we shall begin with such facts as have been 
universally acknowledged in all ages, not omit- 
ting those additional truths whicii have fallen 
within our own observation. 

The surface of this immense globe exhibits to 
our observation heights, depths, plains, seas, 
marshes, rivers, caverns, gulfs, volcanos; and, on 
H cursory view, we can discover, in the disposition 
of these objects, neither order nor regularity. If 
we penetrate into the bowels of the earth, 
■we find metals, minerals, stones, bitumens, 
sands, earths, waters, and matter of every kind, 
seemingly placed by mere accident, and wMthout 
any apparent design. Upon a nearer and more 
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attentive inspection, we discover sunk moun- 
tains *, caverns filled up, shattered rocks, whole 
countries swallowed up, new islands emerged 
from the ocean, heavy substances placed above 
light ones, hard bodies inclosed within soft bo- 
dies j in St word, we find matter in every form, 
dry and humid, warm and cold, solid and brittle, 
blended in a chaos of confusion, which can be 
compared to nothing but a heap of rubbish, or 
thp ruins of a world. 

These ruins, however, wc inhabit ‘with per- 
fect security. Tlie diflerent generations of men, 
of animals, and of plants, succeed one another 
without interruption : the productions of the 
earth are sufficient for their sustenance ; the mo- 
tions of the sea, and the currents of the air, are 
regulated by fixed laws-j- j the returns of the sea- 
sons are uniform, and the rigours of winter inva- 
riably give place to the verdure of the spring. 
With regard to us, every thing has the appear- 
ance of order; the eai’th, formerly a chaos, is 
now a traiKjuil, an harmonious, a delightful habi- 
tation, wdicre all is animated and governed by 
such amazing displays of power and intelligence, 
as fill us with admiration, and elevate our minds 
to the contemplation of the great Creator. 

But let us not decide precipitantly concerning 
the irregularities on the surface of the earth, and 
the apparent disorder in its bowels: vve shall 

* See Sencc. Qurest. lib. (i. cap. ‘21. Sti^b. Geog. lib. 1 
Orosius, lib. 1^. cap. 18. Pliii. lib. 2. cap. ly. Hist, 
I’Acatl. dos ScitMiccs, annee 1708, p. '23. 

See the proofs, art. xiv. 
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poon perceive the utility, and even the necessity 
of this arrangenient. With a little’ attention, 
we shall perhaps discover an order of which we 
had no conception, and general relations that 
cannot be apprehended by a slight examination. 
Our knowledge, indeed, with regard to'this sub-, 
ject, must always be limited. We are entirely 
unacquainted with many parts of the surface of 
this' globe *, and have partial ideas only con- 
cerning the bottom of the ocean, which, in many 
places, has never been sounded. We can only 
penetrate the rind of the earth. The greatest 
caverns f, the deepest mines descend not 
above the eight thousandth part of its diameter. 
Our judgment is therefore confined to the upper 
stratum, or mere superficial part. We know, in- 
deed, that, bulk for bulk, the earth is four times 
heavier than the sun : we likewise know the pro- 
portion its weight bears to that of the other 
planets. But still this estimation is only relative. 
We have no standard. Of the real weight of the 
materials we are so ignorant, that the internal 
part of the globe may be either a void space, or 
it may be composed of matter a thousand times 
heavier than gold. Neither is there any me- 
thod of making farther discoveries on this sub- 
ject. It is even with difficulty that rational con- 
jectures can be formed ||. 

We must therefore confine ourselves to an ac- 
curate examination and description of the surface 

* See proofi, art. vi. f Phil. Trans, abridged, rol. ii, 
p. S23. t Boyle’s Works, vof. iii. p. 232. 

II See proofs, art. i, 
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of the earth, and of such inconsiderable depths as 
we have been able to penetrate. The first ob- 
ject which attracts attention, is that immense 
collection of waters with which the greatest part 
of the globe is covered. These waters occupy the 
lowest grounds; their surface is always level ; 
and, notwithstanding their uniform tendency to 
equilibrium and rest, they are kept in perpetual- 
agitation by a powerful agent*, which coun- 
teracts their natural tranquillity^ which commu- 
nicates to them a regular periodic motion, alter- 
nately elevating and depressing their waves, and 
which produces a concussion or vibration in the 
whole mass, even to the most profound depths. 
This motion of the waters is coeval with time, 
and will endure as long as the sun and moon, by 
which it is produced. 

In examining the bottom of the sea, we per- 
ceive it to be equally irregular as the surface of 
the dry landf. We discover hills and valleys, 
plains and hollows, rocks and earths of every 
kind I : we discover, likewise, that islands are . 
nothing but the summits of vast mountains, 
whose foundations are buried in the ocean 1|; 
we find other mountains wliose tops are nearly 
on a kvel with the surface of the water; and 
rapid currents which run contrary to the gene- 
ral movement §. These currents sometimes run 

• See proofs, art. .xii. t Proofs, art. xiii. 

See M. Buache’s chart of the depths of 4he ocean between 
Africa and America. 

II Varenii Geog. gen. p. 218. • 


§ Pi’oofg^ art. xiii. 
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iA the same directim; at other times their bi<>» 
tion is retrograde* * * § ; but they never exceed their 
natural limits, which seem to be as immutable 
as those which bound the efforts of land*rivers. 
On one hand, we meet with tempestuous re- 
gions, where the winds blow with irresistible fury, 
where the heavens and the ocean, equally con* 
vulsed, are mixed and confounded in the general 
shock } violent intestine motions, tumultuous swel* 
lings f, water §pouts|, and strange agitations, 
produced by volcanos, whose mouths, though 
many fathoms below the surface, vomit forth 
torrents of fire, and push, even to the clouds, 
a thick vapour, composed of water, sulphur, 
and bitumen ; and dreadful gulfs or whirl- 
pools g, which seem to attract vessels for no 
other purpose than to swallow them up. On 
the other hand, we discover vast regions of an 
opposite nature, always smooth and calm, but 
equally dangerous to the mariner §. Here the 
winds never exert their force; the nautical art 
is of no utility; the becalmed voyagers must 
remain immoveably fixed, till death relieve them 
from misery. To conclude, directing our eyes 
toward the southern or northern extremities of 
the globe, we discover huge masses of ice^f, 
which, detaching themselves from the polar re- 

* Varen. p. 140, and Voyages de Pirard» p. 137. 

+ Shaw's Travels. { Proofs, art. xvi. 

II The Malestroom in the Norwegian Sea. 

§ The calms and tornados in the .Ethiopian Sea. 

^ Proofs, art. vi. and x. 
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gi<Mi8» advance, like floating monntwnvi to' the 
more temperate climates, where they dissolve 
and vanish from our view 

Beside these grand objectSj the ocean presente 
us with myriads of animated beings, almost in- 
finite in Variety : some, clothed in light scales, 
swim with amazing swiftness; others, loaded 
with thick shells, trail heavily along, leaving 
their traces in the sand : to others. Nature has 
given fins resembling wings, with which they 
support themselves in the air, and fly before 
their enemies to considerable distances. Lastly, 
the sea gives birth to other animals, which, to- 
tally deprived of motion, live and die immoveably 
fixed to the same rocks: all, however, find 
abundance of food in this fluid element. The 
bottom of the ocean, and the shelving sides of 
rocks, produce plentiful crops of plants of many 
difierent species; its soil is composed of sand, 
gravel, rocks, and shells ; in some places, it is a 
fine clay, in others, a compact earth; and, 
in general, the bottom of the sea has an exact 
resemblance to the diy land which we inhabit. 

Let us next take a view of the land : what 
prodigious differences take place in different cli- 
mates ! ' What a variety of soils ! What inequa- 
lities in the surface! But, upon a more attentive 
observation, we shall perceive, that the great 
chains of mountains lie nearer the equator than 
the poles f ; that, in the Old Continent, their 
direction is more from east to west than from 


* See Buache’s chart* 1739* 


f Proofs* art. ix. 
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sonth to north; and that, on the contrary, in 
the New Continent, they exteigid more from 
north to south than from ea^ to west. Bi|t, 
what is siMU more remarkable, the figure an^ di> 
rectkm c^ these mountains, which have a most 
irregnlar appearance*, correspond so wonder- 
fiiily, that the promineiU angles of one moun- 
tain are constantly opposite to the concave 
angles of the neighbouring mountain and of 
equal dimensions, whether they be separated Jby 
an extensive plain or a small valley. 1 have 
farther remarked, that opposite hills are always 
nearly of the same height ; and that mountains 
generally occupy the middle of continents, islands, 
and promontories, dividing them by their great- 
est lengths 11. I have likewise traced the' courses 
of the principal rivers, and find that their direc- 
tion is nearly perpendicular to the sea-coasts into 
which they empty themselves ; and that, during 
the greatest part of their courses, they follow the 
direction of the mountains from which they de- 
rive their origin §. The sea-coasts are generally 
bordered with rocks of marble and other hard 
stones, or rather with earth and sand accumu- 
lated by the waters of the sea, or brought down 
and deposited by rivers. In opposite coasts, sepa- 
rated only by small arms of tlie sea, the different 
strata or beds of earth are of the same materials ^[. 

1 find that volcanos never exist but in high 

* Proofs, art. ix. xii. 

f Saliant and re-entering angles ; Muller's Fortification. 

X Lettres Phil, de Bourguet, p. 181. |1 Varen. Geog. p. (i!>. 

S Proofs, art. x. Ibid. art. y VtP 
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mountains*} that a g^eat number of them 
are ^tirely extinguished} that some ;are con- 
nected with others by subterranean pafsage^ 
and their eruptions not unfrequently happ^ aC 
the same time f . There are similar commnnmw*' 
tiotfs between certain lakes and seas; Some 
rivers suddenly disappear j;, and seem to precipi- 
tate themselves into the bowels of the earth. 
We likewise find certain mediterranean or inland 
seas, which constantly receive, ^m many and 
great rivers, prodigious quantities of water, with- 
out any augmentation of their bounds, probably 
discharging, by subterraneous passages, all these 
extraneous supplies. It is likewise easy to dis- 
tinguish lands which have been long inhabited, 
from those new countries where the earth appears 
in a rude state, where the rivers are full of cata- 
racts, where the land is either nearly overflowed 
with water or burnt up with drought, and where 
every place capable of producing trees is totally 
covered with wood. , 

Proceeding in our examination, we discover 
that the upper stratum of the earth is universally 
the same substance || ; that this substance, from 
whici) all animals and vegetables derive their 
growth'and nourishment, is nothing but a com- 
position of the decayed parts of animal and vege- 
table bodies, reduced into such small particles 
that their former organic state is not distinguish- 
able.. Penetrating a little deeper, we find the 

* Proofs, art. xvi. f Kircbcr Mund. subter in praef. 

t Yaren. Geog. p. 43. || Proofs, art. vii. 
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i«al earth, beds of sand, lime>stone, clay, shells, 
marble, gnsvel, chalk, <&c. These beds are aU 
ways parallel to each other*, and of the same 
thickness through their whole extent. In neigh* 
bouring bills, beds or strata of the same materials 
are uniformly found at the same levels, though 
the hills be separated by deep and large valleys. 
Strata of every kind, even of the most solid rocks, 
are uniformly divided by perpendicular fissures f. 
Shells, skeletons of fishes, marine plants, &p., 
are often Tound in the bowels of the earth, and 
on the tops of mountains |, even at the greatest 
distances from the sea. These shells, fishes, and 
plants, are exactly similar to those which exist 
in the ocean. Petrified shells are to be met 
with, almost every where, in prodigious quan* 
titles: they are not only inclosed in rocks of 
marble and lime-stone, as well as in earths and 
clays, but are actually incorporated aud filled 
with the very substances in which they are in- 
dosed. In fine, I am convinced, by repeated 
observation, that marbles, lime-stones, chalks,, 
marls, clays, sand, and almost all terrestrial 
substances, wherever situated, are full of shells 
and other spoils of the ocean ||. 

Having enumerated these facts, let us try what 
conclusions can be drawn from them. 

The changes which the earth has undergone 
during the last two or three thousand years are 

* Proofti, art. yii. and Woodward, p.41, &c. 
t Ibid. art. viii. 1 Id. ibid. 

11 Steno, Woodward, Ray, Bourguet, Scheuchzer, Phil. 
Trans. Mem. de TAcad. &c. 
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inconsiderable, when compared with the giwt 
revolutions 'which must have happeni^ in those 
ages that immediately succeeded the creation. 
For, as terrestrial substances could only acquire 
solidity by the continued action of gravity, it is 
easy to demonstrate, that the surface of the earth 
was at first much softer than it is now ; and, con* 
sequently, that the same causes, which at present 
produce but slight and almost imperceptible al- 
terations during the course of many^ centuries, 
were then capable of producing very great revo- 
lutions in a few years. It appears, indeed, to 
be an incontrovertible fact, that the dry land 
which we now inhabit, and even the summits of 
the highest mountains, were formerly covered 
with the waters of the sea ; for shells, and other 
marine bodies, are still found upon the veiy tops 
of mountains. It likewise appears, that the 
waters of the sea have remained for a long track 
of years upon the surface of the earth; because, 
in many places, such immense banks of sliells 
have been discovered, that it is impossible so 
great a multitude of animals could exist at the 
same time. This circumstance seems likewise 
to prove, that, although the materials on the 
surface 'of the' earth were then soft, and, of 
course, easily disunited, moved, and transported, 
by the waters; yet these transportations could 
not be suddenly effected. They must have been 
gradual aud successive, as sea-bodies are some- 
times found more than one thousand feet below 
the surface. Snch a thickness of earth or of stone 
could not be . accumulated in a short period. 
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AUhoogh it should be suppofied^ . that, at ihtf 
delogej all the sh^ls were tratispoited from th<s 
bottom of the ocean, and deposited upon the 
dry land ; yet, beside thedifficulty of establishing 
this supposition, it is clear, that, as ^ells are 
found incorporated in marble and. in the rocks of 
the highest mountains, we must likewise suppose^ 
that all these marbles and rocks were formed at 
the same time, and at the very instant when the 
deluge took place; and that, before this grand 
revolution, there were neither mountains, not 
^marbles, nor rocks, nor clays, nor matter of any 
kind, similar to what we are now acquainted 
with, as they all, with few exceptions, contain 
shells, and other productions of the ocean. Be- 
sides, at the time of the universal deluge, the 
earth must have acquired a considerable degree 
of solidity, by the action of gravity for more than 
sixteen centuries. During the short time the 
deluge lasted, therefore, it is impossible that the 
waters should have overturned and dissolved the 
whole surface of the earth, to the greatest depths 
that mankind have been able to penetrate. 

But, not to insist longer on this point, which 
shall afterwards be more fully canvassed, 1 shall 
confine myself to known and established facts. 
It is certain, that the waters of the sea have, at 
some period or other, remained for a succession 
of ages upon what we now know to be dry land ; 
and, consequently, that the vast continents of 
Asia, Europe, Africa, and America, were then 
the bottom of an immense ocean, replete with 
every thing which the present ocean produces. 
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It is likewise cerfara, tiNtt tlse 'difierentstrattt <)€ 
the eartii ara horiisontaly and (mrallel 
other*. This parallel situation must, therefore, 
be owing to the operation of the watere, whidh 
have gradually accumulated the different mate- 
rials, and given them the same position that 
water itself invariably assumes. The horizontsd 
position of strata is almost universal : in plains, 
the strata are exactly horizontal. It is only in 
the mountains that they are inclioed to the ho- 
rizon ; because they have originally been formed 
by sediments deposited upon an inclined base. 
Now, I maintain, that these strata must have 
been gradually formed, and that they are not 
the effect of any sudden revolution ; because 
nothing is more frequent than strata composed 
of heavy materials placed above light ones, 
which never could have happened, if, according 
to some authors, the whole had been blended 
and dissolved by the deluge, and afterwards pre- 
cipitated f. On this supposition, every thing 
should have had a different aspect from what 
now appears. The heaviest bodies should have 
descended firet, and every stratum should have 
had a situation corresponding to its specific 
gravity.' In this case, we should not have seen 
solid rocks or metals placed above light sand, 
nor clay under coal. 

The beds of calcarious matters are not only 
horizontal in the plains, but likewise in all 
mountains which have not been disturbed by 


* Proofs, art. vii. 


t Ibid, art iir. 
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earthquakes or other •ecidmtal causes: uid, 
when the strata are ioclined* the whole mountaia 
is likewise inclined, and has been forced into 
that position by a subterraneous explosion, or 
by the sinking of a part of the earth, which had 
served it as a basis. We may therefor^ conclude, 
in general, that all strata formed by the sedi- 
ments of water are horizontal, like the water 
itself, except those which have been formed on 
an inclined ba^e, as is the case with the most part 
of coal-mines. 

The most external part of the earth, whether 
in plains or mountains, is solely composed of 
vegetable earth, which owes its origin to sedi- 
ments of the air, of vapours, and of dews, and 
to the successive destruction of herbs, leaves, 
and other parts of decomposed plants. This first 
stratum every wliere follows the declivities and 
curvatures of the earth„ and is more or less thick, 
according to particular local circumstances*. 
The vegetable stratum is commonly muc^ thicker 


* On the tops of some mountains, the surface is absolutely 
naked, and presents nothing to the view but pure rock, or 
granite, without any vegetation, except in the small fissures, 
. where the wind has transported sand, and collected the parti- 
cles of earth which float in the air. At some distance from 
the last branch of the Nile, there is a mountain composed of 
granite, of porphyry, and of jasper, which extends more than 
twenty leagues in length by perhaps an equal number in 
breadth. The surface of the summit of this enormous quarry, 
we are assured, *is absolutely devoid of vegetables, and forms 
a vast desert, where neither quadrupeds, nor birds, nor even 
insects, can exist. But exceptions of this kind, which are 
particular and local, merit no consideration. 
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in Valleys than on hills; and its formation is 
posterior to that of the primitive strata of the 
globe, the most ancient and most internal of 
which have been formed by fire, and the newest 
and most external have derived their origin from 
matters tmnsported and deposited in the form of 
sediments by the motion of the waters. These, 
in general, are horizontal; and it b only by the 
action of particular causes that they sometimes 
appear inclined. The beds of caJcarions stones 
are commonly horizontal, or slightly ‘inclined ; 
and, of all calcarious substances, the beds of 
chalk preserve their horizontal position most 
exactly. As chalk is only the dust of decayed 
calcarious bodies, it has been deposited by waters 
whose movements were tranquil, and their oscil- 
lations regular; whilst the matters which were 
only broken into large masses, have been trans- 
ported by currents, and deposited by the re- 
moval of the waters ; which is the reason why 
their strata are not so perfectly horizontal as 
those of chalk. The high coasts of Normandy 
are composed of horizontal strata of chalk so 
regularly perpendicular, that, at a distance, they 
have the appearance of fortified wallsf Be- 
tween the strata of chalk there are small beds of 
black flint, which give rise to the black veins in 
white marble. 

Beside the calcarious shells, the strata of which 
are slightly inclined, and whose position has 
never been changed, there are many others 
which have been deranged by different acci- 
dents, and which are all much inclined. Of 
VOL. I, c 
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these there are many examples in various parts 
of the Pyrennees, some of which are inclined 
forty-five, fifty, and even sixty degrees below the 
horizontal line. This circumstance seems to 
prove, that great changes have been produced 
in these mountains by the sinking of subter- 
raneous caverns,- which had formerly supported 
them. 

Another circumstance demands our attention. 
No cause but the motion and sediments ‘'of 
water could possibly produce the regular po- 
sition of the various strata of which the superfi- 
cial part of this earth is composed. The highest 
mountains consist of parallel strata, as well as 
the lowest valleys. Of course, the formation of 
mountains cannot be imputed to the shocks of 
earthquakes, or to the eruptions of volcanos. 
Such small eminences as have been raised by 
volcanos or convulsions of the earth, instead of 
being composed of parallel strata, are mere 
masses of weighty materials; blended together in 
the utmost confusion*. But this parallel and 
horizontal position of strata must necessarily 
be the operation of a uniform and constant 
cause. 

We are, therefore, authorized to cbnclude, 
from repeated and incontrovertible facts and ob- 
servations, that the dry and habitable part of the 
earth has for a long time remained under the 
waters of the sea, and must have undergone the 
same changes which are at present, going, on 


* Proofy, art. XTii. 



at the bottom of the ocean. To discover what 
has formerly happened to the dry land, let us 
examine what passes in the bottom of the sea; 
and we shall soon be enabled to make some ra- 
tional conclusions with regard to the external 
figure and internal constitution of the earth. 

The ocean, from the creation of the solai:‘ 
system, has been constantly subject to a regular 
flux and reHiix. These motions, which happen 
twice in twenty-four hours> are princjpally oc- 
casioned by the action of the moon, and are 
greater in the equatorial regions than in other 
climates. The earth likewise performs a rapid 
motion round its axis, and, consequently, has a 
centrifugal force, which is also greatest at the 
equator. This last circumstance, independent of 
actual observations, proves that the earth is not 
a perfect sphere, but .that it must be more ele- 
vated under the equator than at the poles< From 
these two combined causes, the tides and the 
motion of the earth, it may be fairly concluded, 
that, although this globe had been originally a 
perfect sphere, its diurnal motion, and the ebb- 
ing and flowing of the tides, must necessarily, in 
a succession of time, have elevated the equatorial 
parts, fly gradually carrying mud, earth, sand, 
shells, &c., from other climates, and depositing 
them at the equator *. On this supposition, the 
greatest inequalities on the surfacte of the earth 
ought to be, and, m fact, are found, in the 
neighbourhood of the equator. Besides, as the 


• I*roo{s, art. xii. 
C2 
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alternate motion of the tides has been con* 
stant and regular since the existence of the 
world, is it not evident, that, at each tide, the 
water carries from one place to another a small 
quantity of matter, which falls to the bottom 
as a sediment, and forms those horizontal and 
parallel strata that every where appear? The 
motion of the waters, in the flux and reflux, 
being always horizontal, the matter transported 
by them must necessarily take the same parallel 
direction after it is deposited. 

To this reasoning, it may be objected, that, as 
the flux is equal to, and regularly succeeded by,- 
the reflux, the two motions will balance each 
other; or, that the matter brought by the flux 
will be carried back by the reflux; and, conse- 
quently, that this cause of the formation of strata 
must be chimerical, as the bottom of the ocean 
can never be affected by a uniform, alternate mo- 
tion of the waters; far less could this motion 
change its original structure, by creating heights, 
and other inequalities. 

But, in the first place, the alternate motion of 
the waters is by no means equal; for the sea 
has a continual motion from east to west; be- 
sides, the agitations occasioned by the winds pro- 
duce great inequalities in the tides. It will like- 
wise be acknowledged, that, by every motion 
in the sea, particles of earth, and other mate- 
rials, must be carried from one place, and de- 
posited in anotiier; and that these collections 
of matter must assume the form of parallel and 
horizontal strata. Farther, a well imown fact 
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will entirely obviate this objection. On all 
coasts, where the ebbing and flowing are dis* 
cemible *, numberless materials are brought m 
by the fliix, which are not carried back by the 
reflux. The sea gradually increases on some 
places, and recedes from others, narrowing its 
limits, by depositing earth, sand, shells, &c., 
which naturally take a horizontal position. 
These materials, when accumulated and ele- 
vated to a certain degree, gradually shut out the 
water, and remain for ever in the form of dry^ 
land. 

But, to remove every doubt concerning this 
important point, let us examine more -closely 
the practicability of a mountain’s being formed 
at the bottom of the sea, by. the motion and se- 
diments of the water. On a high coast, which 
the sea washes with violence during the flow, 
some part of the earth must be carried off by 
every stroke of the waves. Even where the sea 
is bounded by rock, it is a known fact, that the 
stone is gradually wasted by the water f; and, 
consequently, that small particles are carried off 
by the retreat of every wave. Those particles 
of earth or stone are necessarily transported to 
some distance. Whenever the agitation of the 
water is abated, the particles are precipitated 
in the form of a sediment, and lay the foundation 
of a first stratum, which is either horizontal or 
inclined, according to the situation of the sur- 
face upon which they fall. This stratum will 

* Proofi^ srt. xu(. f See Shaiv*s Travels. 



S2 THEORY OF THE EARTH. 

60on be succeeded by. a similiar one, produced 
by the same cause; and thus a considerable 
. quantity of matter will be gradually amassed 
and disposed in parallel beds. In process of 
time, this gradually accumulating mass will be^ 
come a mountain in the bottom of th^ sea, ex- 
actly resembling, both in external and internal 
structure, those mountains which we see on the 
diy land. If there happened to be shells in 
that part of the bottom of the sea where we 
have supposed the sediments to be deposited, 
they would be covered, filled, and incorporated 
with the deposited matter, and form a part of 
the general mass. These shells would be lodged 
in different parts of the mountains, correspond- 
ing to the times they were deposited. Those 
which lay at the bottom, before the first stratum 
was formed, would occupy the lowest station ; 
and those which were afterwards deposited, 
would be found in the more elevated parts. 

Jn the same manner, when the bottom of the 
sea, at particular places, is troubled by the agi- 
tation of the waters, earth, clay, shells, and other 
matter, must necessarily be removed from these 
parts, and deposited elsewhere. For we are as- 
sured by divers, that the bottom of the sea, 
at the greatest depths to which they descend *, 
is so strongly affected by the agitation of the 
water, that earth, clay, and shells, are removed 
to great distanoes, Transportations of this kind 
must, therefore, be constantly going on in evei^ 


* Boyle's Works, yol. iti. p, 232. 
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part of the ocean } and the matters transported, 
after subsiding, most uniformly raise eminences 
similar, in every respect, to the compositipp nd 
structure of our mountains. Thus the motipiis 
produced by the flux and reflux, by winds and 
currents, must uniformly create inequalities in 
the bottom of the oceaii. 

Farther, we must not imagine that these 
matters cannot be carried to great distances, 
siqce we daily find grain, and other productions 
of the East and West Indies, aVriviilg on our 
coasts *. These bodies are, indeed, specifically 
lighter than water; and the other substances 
are specifically heavier. Still, however, as they 
are reduced to an impalpable powder, they may 
be kept long suspended in the water, and, of 
course, transported to any distance. 

It has been conceived, that the agitation pro* 
duced by the winds and tides is only superficial, 
and affects not the bottom, especially when it is 
very deep. But it ought to be remembered, 
that, whatever be the depth, the whole ma.ss 
is put in motion by the tides at the same time; 
and that, in a fluid globe, this motion would be 
communicated even to the centre. The power 
which occasions the flux and reflux is penetrat- 
ing ; it acts equally upon every particle of the 
mass. Hence the quantity of its force, at differ- 
ent depths, may be determined by calculation. 


• Particularly on the coasts of Scotland and of Ireland. 
See Ray’s Discourses. 
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Indeed, this point is so certain, that it admits 
not of dispute. 

We cannot, therefore, hesitate in pronouncing, 
that the tides, the winds, and every other cause 
of motion in the sea, must produce heights and 
inequalities in its bottom ^ and that these emi- 
nences must uniformly be composed of regular 
strata, either horizontal or inclined. These 
heights will gradually augment j like the waves 
which formed .them, they will mutually respect 
each other; and, if the extent of the base be 
great, in a series of years they will form a vast 
chain of mountains. Whenever eminences are 
formed, they interrupt the uniform motion of 
the waters, and produce new motions, known 
by the name of currents. Between two neigh- 
bouring heights in the bottom of the ocean, 
there must be a current^, which will follow 
their common direction, and, like a river, cut a 
channel, the angles of which will be alternately 
opposite through the whole extent of its course. 
These heights must continually increase; for, 
during the flow, the water will deposit its or- 
dinary sediment upon their ridges, and the waters 
which are impelled by the current will force 
along, from great distances, quantities of matter, 
which will subside between the hills, and, at the 
same time, scoop out a valley with corresponding 
angles at their foundation. Now, by means of 
these different motions and sediments, the bot- 


• ProoA, art. xiit. 
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tom of the ocean, though formerly smooth, 
must soon be furrowed, and interspersed with 
hilts and chains of mountains, as we actually 
find it at present. The soft materials, of which 
the eminences were originally composed, would 
gradually* harden by their own gravity. Such, 
of them as consisted of sandy and crystalline 
particles, would produce those enormous masses 
of rock and flint in which we find crystals and 
other precious stones. Others, eoqtiposed of stony 
particles mixed with shells, give rise to those 
beds of lime-stone and marble, in which vast 
quantities of sea shells are still found incorporated. 
Lastly, all our beds of marble and chalk have 
derived their origin from particles of shells mixed 
with a pure earth, collected and deposited at 
particular places in the bottom of the sea. All 
these substances are disposed in regular strata $ 
they all contain heterogeneous matter and vast 
quantities of sea bodies, situated nearly in pro- 
portion to their specific gravities. The lighter 
shells are found in chalk; the heavier in clay 
and lime-stone. These shells are uniformly filled 
with the matter in which they are found, whe- 
ther it be stone or earth. This is an incon- 
testible* proof, that they have been transported 
along with the matter that fills ahd surrounds 
them, and that this matter was then in the form 
of an impalpable powder. In a word, all those 
substances, the horizontal sitnatioa of which has 
arisen from the waters of the sea, invariably 
preserve their original position. 

It may here be objected, that most hills, the 
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summits of which consist of solid rocks, or of 
marble, ai’e founded upon small eminences, 
composed of less heavy materials, such as clay 
or light sand, the strata of which commonly 
extend over the neighbouring plains. If the 
above theory be just, what could bring about an 
arrangement so singular, so contrary to the laws 
of gravity? But this phenomenon admits of 
a natural and easy explication. The waters 
would operate first upon the upper stratupi, 
either of coasts or the bottom of the sea : this 
upper stratum consists generally of clay or sand ; 
and these light substances, being carried off 
and deposited previous to the more dense and 
solid, they would of course form small eminences, 
and become foundations for the more heavy 
particles to rest upon. After the light, supers 
ficial substances were removed, tlie harder and 
more ponderous would next be subjected to the 
i^trition of the water, reduced to a fine powder, 
and carried off and deposited above the hillocks 
of sand or clay. These small stony particles 
would, in a succession of ages, form those solid 
rocks which we now find on the tops of hills 
and mountains. As particles of stone are heavier 
than sand or clay, it is probable that they were 
originally covered and pressed by superior strata 
of considerable depth; but that they now oc< 
cupy the highest stations, because they were last 
transported by the waves. 

To confirm this reasoning, let us investigate 
more minutely the situation of those materials 
which compose the superficial part of the globe, 
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the only part of which we have any adequate 
knowledge. The different strata of stones in 
quarries are almost all horizontal, or regularly 
inclined. Those founded upon hard clay, or 
other solid matter, are evidently horizontal, 
especially*in plains. The disposition of quarries, 
where dint or brownish free-stone are found in 
detached portions, is indeed less regular. But 
even here the uniformity of nature is not inter- 
rupted i for the horizontal or regularly inclining 
position of the strata is apparent in gi^nite and 
brown free-stone, wherever they exist in large 
connected masses. This position is universal, 
except in flint and brown free-stone in small 
detached portions ; substances, the formation of 
which we shall demonstrate to have been poste- 
rior to those just now mentioned. The strata of 
granite, vitrifiable sand, clays, marbles, calca^ 
jious stones, chalk and marls, are always pa- 
rallel or equally inclined. In these the original 
formation is easily discoverable; for the strata 
are exactly horizontal, and very thin, being 
placed above each other like the leaves of a book. 
Beds of sand, of soft and hard clay, of chalk, 
and of shells, are likewise either horizontal or 
uniformly inclined. Strata of every kind pre- 
serve the same thickness through their whole ex>- 
tent, which is often many leagues, and might, by 
proper observations, be traced still farther. In 
a word, the disposition of strata, as deep as man- 
kind have hitherto penetrated, is the same. . 

Those beds of sand and gravel which are 
washed down from mountains, must, in some 
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measnre> be excepted from the general rule. 
They are sometimes of a considerable extent in 
valleys, and are situated immediately under the 
soil or first stratum. In plains, they are level, 
.like the more ancient and interior strata. But 
near the bottom, or upon the ridg'es of hills, 
they have an inclination corresponding to that 
of the ground upon which they have been de- 
posited. As these beds of sand and gravel are 
formed by rivers and brooks, which, especially in 
the valleys, often change their channels, it is not 
surprising that such beds should be so frequent. 
A small rivulet is sufficient, in a course of time, 
to spread a bed of sand or gravel over a very 
large valley. In a champaign country, sur- 
rounded with hills, whose bases, as well as the 
upper stratum of the plain, consisted of a hard 
clay, I have often observed, that, above the 
origin of the brooks or rivers, the clay was situ- 
ated immediately under the vegetable stratum; 
but, in the low grounds, there was a stratum of 
sand, about a foot thick, above the clay, and ex- 
tending to a great distance from the banks of the 
rivers. The strata formed by rivers are not very 
ancient; they arc easily distinguished by their 
frequent interruptions, and the inequality of their 
thickness. But the ancient strata uniformly pre- 
serve the same dimensions through their whole 
extent. Besides, these modern strata may be 
distinguished, with certainty, by the form of the 
stones and gravel they contain, which bear evi- 
dent marks of having been rolled, smoothed, and 
rounded by the motion of water. The same ob- 
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servation may be made with regard to those beds 
of turf, and corrupted vegetables, which are 
found in marshy grounds, immediately below the 
soil : they have no claim to antiquity, but have 
derived their existence from successive accumulap 
tions of diecayed trees, and other plants. The 
strata of slime, or mud, which occur in many 
places, are also recent productions formed by 
stagnating waters, or the inundations of rivers. 
They are not so exactly horizontal, nor so uni> 
formly inclined, as the more ancient strata, pro- 
duced hy the regular motions of the sea. In 
strata formed by rivers, we meet with river, 
but seldom with sea shells; and the few which 
occur are broken, detached, and placed without 
order. But, in the ancient strata, there are no 
river shells; the sea shells are . numerous, well 
preserved, and all placed in the same manner, 
having been transported and deposited at the 
same time, and by the same cause. From 
whence could this beautiful regularity proceed ? 
Instead of regular strata, why do we not find 
the matters composing the earth huddled to- 
gether without order? Why are not rocks 
marbles, clays, marls, &c., scattered promiscu- 
ously, or joined by irregular or vertical strata 
Why are not heavy bodies uniformly found in 
a lower situation than light ones ? It is easy to 
perceive, that this uniformity of nature, this 
species of organization, this union of different 
materials by parallel strata, without regard to 
tb^r weights, could only proceed from a cause, 
equally powerful and uniform as the motions 
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of the sea, prodaced by regular winds, by the 
tides, &c. 

These causes act with superior force under 
the equator than in other climates; for there 
the tides are higher, and the winds more uni« 
form. ' The most extensive chains of '^mountains 
are likewise in the neighbourhood of the equa- 
tor. The mountains of Africa and Peru are 
the highest in the world, ofien extending 
through whole continents, and stretchings to 
great distances under the waters of the ocean. 
The mountains of Europe and Asia, which ex- 
tend from Spain to China, are not so elevated 
as those of Africa and South America. Accord- 
ing to the relations of voyagers, the mountains 
of the north are but small bills, when compared 
with the mountains of the equatorial regions. 
Besides, in the northern seas, there are few 
islands; but, in the Torrid Zone, they are in- 
numerable. Now, as islands are only the sum- 
mits of mountains, it is apparent, that there are 
more inequalities on the surface of the earth 
near the equator, than in northerly climates. 

Those prodigious chains of mountains which 
run from west to east in the Old Continent, and 
from north to south in the New, must have been 
formed by the general motion of the tides^ But 
the origin of the less considerable mountains 
and hills must be ascribed to particular mo- 
tions, occasioned by winds, currents, and other 
irregular agitations of the sea: their formation 
may, indeed, be owing to a combination of all 
these motions, which are capable of infinite va- 
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riatioiis; for the winds, and the situation of 
different islands and coasts, constantly change 
the natural course of the tides, and oblige them 
to run in every possible direction. It is notg 
therefore, surprising to see considerable emi- 
nences wlfich have no determined direction in their 
courses. But, for our present purpose, it is suf- 
ficient to have shown, that mountains have not 
been produced by earthquakes, or other acci- 
dental causes, but that they are. effects equally 
resulting from the general laws of nature, as 
well as their peculiar structure, and the situation 
of the materials of which they are composed. 

But how has it happened, that this earth, 
which we and our ancestors have inhabited for 
ages, which, from time immemorial, has been 
an immense continent, dry, compact, and re- 
moved from the reach of the water, should, if 
formerjy the bottom of an ocean, be now ex- 
alted to such a height above the waters, and so 
completely separated from them ? Since the 
waters remained so long upon the earth, why 
have they now deserted it ? What accident, 
what cause, could introduce a change so great ? 

Is it possible to conceive a cause possessed of 
power Sufficient to operate such an amazing 
effect ? 

These are difficult questions. But, as the 
facts are incontrovertible, the precise manner 
Vt which they have happened may remain a 
secret, without prejudice to the conclusions that 
ought to be drawn from them. A little reflec- 
tion, however,, will furnish us at least with plau- 
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sible solutions*. We daily observe the sea 
gaining ground on certaiti coasts^ and losing it 
on others. We know, that the ocean has a 
general and uniform motion from east to west > 
that it makes violent efforts against the rocks 
and the low grounds which encircle* it; that 
there are whole provinces which human indus> 
try can hardly defend from the fury of the 
waves ; and that there are instances of islands 
which hare bat lately emerged from the waters, 
and of regular inundations. History informs 
us of inundations and deluges of a more exten- 
sive nature. Should not all these circumstances 
convince us, that the surface of the earth has 
experienced very great revolutions, and that the 
sea may have actually given up possession of 
the greatest part of the ground which it for- 
merly occupied ? For example, let us suppose, 
that the Old and New worlds were formerly but 
one continent, and that, by a violent® earth- 
quake, the ancient Atalahtis of Plato was sunk. 
What would be the consequence of such a 
mighty revolution ? The sea would necessarily 
rush in from all quarters, and from what is 
now called the Atlantic Ocean ; and vast con- 
tinents, perhaps those which we now, inhabit, 
would, of course, be left dry. This great revo- 
lution might be effected by the sudden failure 
of some immense cavern in the interior part of 
the globe, and an universal deluge would infal- 
libly succeed. I should rather incline to think. 


* See proofs, art xi*. 
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that such a revolution would not be suddenly 
accomplished, but that it would require a very 
long period. However these conjectures stand, 
it is certain, that such a revolution has happened, 
and I even believe that it happened naturally ; 
for, if a judgment qf the future is to be formed 
from the past, we have only to attend carefully 
to what daily passes before our eyes. It is a 
fact, established by the repeated observation of 
voyagers % that the ocean has a constant motion 
from east to west This motion, like "the trade* 
winds, is not only perceived between the tropics, 
but through the w hole ^temperate climates, and 
as near the poles as navigators have been able to 
approach. As a necessary consequence of this 
motion, the Pacific Ocean must make continual 
efforts against the coasts of Tartary, China, and 
India ; the Indian Ocean must act against the 
east coast of Africa ; and the Atlantic must act 
in a similar manner against all the eastern coasts 
of America. Hence the sea must have gained, 
and will always continue to gain, on the east, 
and to lose on the west. This circumstance 
alone would be sufficient to prove the possibility 
of the change of sea into land, and of land into 
sea. If such' is the natural effect of the sea’s 
motion from east to west, may - it not rea* 
sonably be supposed, that Asia, and all the 
eastern continent, is the most ancient country 
in the world? and that Europe,, and part of 


• Yaren. Geogr. Gen. p. 119. 
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Africa^ especially the west parts of these con- 
tinents, as Britain, France, Spain, &c., -are 
countries of a more recent date ? tioth bistoiy 
and physics concur in establishing this hy- 
pothesis. 

But, beside the constant motion of the sea 
' from east to west, other causes concur in pro- 
ducing the effect just mentioned. There are 
many lands lower than the level of the sea, and 
are defended by a narrow isthmus of cock only, 
or by banks of still weaker materials. The ac- 
tion of the waters must gradually destroy these 
barriers; ahd, consequently, such lands must 
then become part of the ocean. Besides, the 
mountains are daily diminishing, part of them 
being constantly carried down to the valleys by 
tains*. It is likewise well known, that every 
little hrook carries earth, and other matters, from 
the bigli groitnds into the fivers, by which they 
are at last transported to the ocean. By these 
means the bottom of the sea is gradually filling 
up, the surface of the earth is approaching to a 
level, and nothing but time is wanting for the 
sea’s successively* changing places with the 
land. 

I speak not here of causes removed beyond 
the sphere of our knowledge, of those convulsions 
of nature, the slightest effort of which would be 
fatal to 'the globe. Tire near approach of a 
conaet, the* absence of the moon, or the intro- 

* Ray’s Discourses, p. 220. Plot. Hist. Nat. &c. 
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(taction of a new planet into the system, &c., are 
suppositions upon which the imagination may 
rove at large. Causes of this kind will produce 
any effect we choose. From a single hypothesis 
of this nature, a thousand physical romances 
might be composed, and their authors might 
dignify them with the title of Theory of the 
Earth. As an historian, I reject these vain 
speculations: they depend upon mere possi- 
Ijilities, which, if called into action, necessarily 
imply such a devastation in th*e utfiverse, that 
our globe, like a fugitive particle of matter, 
escapes observation, and is no longer worthy 
of our attention. But, to give consistency to our 
ideas, we must take the earth as it is, examine its 
different parts with minuteness, and, by indac^ 
tion, judge of the future from what at present 
exists. W e ought not to be affected by causes which 
seldom act, and whose action is always sudden 
and violent These have no place in the ordi- 
nary course of nature. But operations uniformly 
repeated, motions which succeed one another 
without interruption, are the causes which alone 
ought to be the foundation of our reasoning. 

Some examples shall be given : we shall com- 
bine particular effects with general causes, and 
give a detail of facts, which will illustrate and 
explain . the different alterations that the earth 
has undergone, whether by irruptions of the sea 
upon the land, or by the sea’s retiring from lands 
which it formerly covered. 

That irruption which gave rise to the Medi- 
P2 * 
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terranean* is undoubtedly the greatest The 
ocean runs with prodigious rapidity through a 
narrow passage between two promontories and 
then forms a vast sea, which, exclusive of the 
Black Sea, is about seven times larger than the 
kingdom of France. The motion through the 
Straits of Gibraltar is contrary to the motion iii 
every other strait. The general motion of the 
sea is from east to west ; but, in the Straits of 
Gibraltar, it is from west to east; an incontes- 
tible proof, that the Mediterranean Sea is not an 
ancient gulf, but that it has been formed by an 
irruption, produced by some accidental cause, 
such as an earthquake swallowing up the bar- 
rier, or a violent effort of the ocean, occasioned 
by the wind, and forcing its way through the 
bank between the two promontories of Gibral- 
tar and Ceuta. This opinion is supported by the 
testimony of the ancients |l, who inform us, that 
there was a time when the Mediterranean had 
no existence. It is likewise confirmed by na- 
tural history, and by observations upon the 
strata on the opposite coasts of Afnca and Spain, 
where, as in neighbouring mountains, the beds 
of earth and stone are precisely the same at 
e<|ual levels. 

When the ocean forced this passage, it ran 
through the Straits with much more rapidity 

* Proofs, art. xi. and xix. f Ray’s Discourses, 

p. 20^ ; Plot. Hist. Nat, &c. J Phil T-iiis. 

abridged, vol. ii. p. 299* || Diodorus Siculus, Strabo. 
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than at present, and instantly deluged that laige 
tract of land which formerly joined Europe to 
Africa. The waters covered all the grounds 
which wei’e lower than the level of the ocean j 
and no part of them is now to be seen, except 
the tops df some of the mountains, such as part 
of Italy, Sicily, Malta, Corsica, Sardinia, Cy- 
prus, Rhodes, and the islands of the Archipe- 
lago. 

•I have not mentioned the Blagk Sea as an ef- 
fect of this irruption ; because the quantity of 
water it receives from the Danube, the Nieper, 
the Don, and other rivers, is more than suffi- 
cient both to form and support this sea. Besides, 
it runs with great rapidity through the Bospho- 
rus into the Mediterranean *. It may even be 
supposed that the Black and Caspian Seas were 
only two large lakes, which were perhaps joined 
by a narrow communication, or rather by a 
morass, or small lake, uniting the Don and the 
Wolga about Tria, where these two rivers run 
very near each other. It is likewise probable, 
that these two seas, or lakes, were formerly of 
a much greater extent j for the large rivers 
which fall into the Black .'and Caspian Seas must 
have gradually brought down a quantity of earth 
and sand sufficient to stop up the communica- 
tion, and to form that neck of land by which 
these two seas are divided. We know, that large 
rivers, in a course of time, block pp seas, and 
form new lands, as in the province at the mouth 


* Phil. Trans, abridged, vol. ii. p 289^ 
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of the Yellow River in China; ^uisiana at the 
mouth of the Missfsippi ; and thc^ n'6iftberti part 
of Egypt, which derived its existence ♦ from 
the inundations of the Nile f . Such quantities 
of earth are brought down, by the rapidity of 
the Nile, from the interior parts of Africa, and 
deposited during the inundations, that you liiay 
dig fifty feet deep before you can reach the bot- 
tom of the slime and mud. Louisiana, and the 
province of the" Yellow River, have, in the sarfte 
manner, been originally formed by the slime of 
rivers. 

Farther, the Caspian Sea is a real lake. It has 
no communication with any other sea, not even 
with the Lake Aral, which appears to have been 
a part of it, being only separated by a large 
tract of sand, in which neither river nor canal 
for carrying off the waters has been discovered. 
This sea, therefore, has no external communica- 
tion with any other; and I doubt much if there 
is any reason to suspect a subterraneous commu- 
nication with the Black Sea, or with the Gulf 
of Persia. The Caspian, it is true, receives the 
Wolga, and several other rivers, which appear 
to furnish as much water as is lost by evapora- 
tion. But, independent of the difficultielb attend- 
ing such calculations, if it communicates with 
any other sea, a uniform and rapid current to- 
wards the place of communication would be an 
infallible consequence;, but nothing of this kind 
has yet been discovered. Travellers of the best 
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credit assure us- of the coD|hary. We, therefore, 
jcondude, that the Caspian receives just as 
mudi.jvat^ from the rivers and cioucb as it loses 
by evaporation. 

It is not improbable, that the Black Sea will, 
in time,*be entirely divided from the Mediter' 
ranean ; and that the Bosphorus will be choked 
up, whenever the rivers shall have accumu* 
lated a su^cient quantity of materials to bnng 
sd>out that effect. It is impossible to fix the 
sera of this event: but time and the diminu- 
tion of waters in rivers, in proportion as the 
mountains are lowered by the causes mentioned 
above, will one day exhibit this phaenomenon 
to the world. 

The Caspian and Black Seas should, there- 
fore, be considered rather as lakes than as gulfs 
of the ocean ; because they exactly resemble 
other lakes which receive a number of rivers 
without any visible outlet, as the Dead Sea, se- 
veral lakes in Africa, and elsewhere. Besides, 
the saltness of these two seas is not nearly equal 
to that of the Mediterranean or of the ocean; 
and, it is an agreed point, that the navigation 
in tlie Caspian and Black Seas,; on account of 
their jnumberless shoals, rocks, and banks, is so 
extremely hazardous, that small vessels only can 
be used in them with safety. This circumstance 
farther proves, that these seas ought not to be 
considered as gulfs of the ocean, but as vast col- 
lections of water amassed by large rivers. 

If the isthmus which separates Africa from 
Asia were cut, it would necessarily create a great 
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irraptioli of the sea upon the land. This junC' 
tion was formerly projected by the kings of 
Egypt, and adopted since by the Califs. I doubt 
whether the pretended communication between 
the Red Sea and Mediterranean be sufficiently 
established. The Red Sea is a narrow branch of 
the ocean : through its whole extent, not a 
single river runs into it from the Egyptian side, 
and very few from the opposite. This sea will 
n<5t, therefore, be subject to diminution, like 
those seas "or lakes which are actually impaired 
by the slime and sand brought down by large 
rivers. The Red §ea receives all its waters di- 
rectly from the ocean, and the motion of the 
tides in it are very discernible; of course, it must 
be affected by the general motions of the ocean. 
The Mediterranean, on the other hand, must 
be lower than the ocean; because the current 
through the Straits is exceedingly rapid. Be- 
sides, it receives the Nile, which runs parallel 
to the west coast of the Red Sea, and passes 
through the longest extent of Egypt, which is 
a very low country. From these circumstances, 
it is at least probable, that the Red Sea is higher 
than the Mediterranean, and, consequently, 
that, if the isthmus of Suez were cut, a gjreat in- 
undation, and a considerable augmentation of 
the Mediterranean would ensue; especially if 
the waters were not restrained by dikes and 
sluices, placed at proper distances. This* pre-. 
caution was probably used, if ever the ancient 
canal subsisted. 

But, not to spend time on conjectures, which. 
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liowreter well founded, may pertiaps appear 
rash, we shall give some certain and recent ex- 
amines of the changes of sea into land, and of 
land into sea^. At Venice, the bottom of the 
sea is constantly rising: if the canals had not 
been carefully kept clean, the moats and city 
would, long ere now, have formed a part of the 
continent. The same thing may be said of 
most harbours, bays, and mouths of rivers. In 
Hqjlland, the bottom of the sea is elevated in 
many places j the gulf of Zuderzee* and the 
straits of the Texel cannot receive such large 
vessels as formerly. At the mouth of almost 
every river, we find small islands, and banks of 
earth and sand brought down from the higher 
grounds; and. it is incontrovertible, that the sea 
is constantly dammed up, wherever great rivers 
empty themselves. The Rhine is lost in the 
sands which itself has accumulated. The Da- 
nube, the Nile, and all large rivers, -after having 
transported great quantities of slime, sand, &c., 
never more arrive at the sea by a single chan- 
nel ; they split into branches, the intervals of 
which consist of the materials which they them- 
selves have transported. Marshes are daily 
drained^ iands, abandoned by the sea, ace 
now plowed and sown ; we navigate whole 
countries now covered by the waters ; in a word, 
we see so many instances of land changed into 
water, and water into land, that we must be 
convinced of the continual, though slow, pro- 


* Proofs, art xix. 



4S THEORY OF THE EARTH. 

gress of such changes in all places. Hence 
tile gulls of the ocean will in titne become con> 
ftinents> the itihoMsei wUl be chained into 
-straits; and th» lops .of Ih^ mountains will bb 
metamor^iosed into shoaly rocks rin the sea. ^ 
The waters* therefore, have covered, nnd may 
still cover, every part of the earth which is now 
dry. Hence our astonishment at finding the 
•productions of the sea dispersedwevery where, and 
a composition of bodies, which could not. be 
effected by any other means than the operation 
of the waters, ought for ever to cease. We 
have already explained how the horizontal strata 
of the earth were formed. But those perpendi- 
cular fissures, which are equally diffused through 
rocks, clays, and every constituent material of the 
globe, remain to be considered The perpen- 
. dicular fissures are indeed placed at greater dis- 
tances from each other than the horizontal ; and 
the softer the matter, the more distant are the 
fissures. In marble and hard stone, the perpen- 
dicular fissures are only a few feet asunder. If 
the mass of rock be extensive, the distance be- 
twixt the -fissures is some fathoms: sometimes 
they extend from the summit to the base of the 
rock, and sometimes they terminate alter arriving 
at a horizontal . fissure. They are uniformly per- 
pendicular in the strata of all -calcarious sub- 
stances, as chalk, marls, marble, &c. But they 
are more oblique, and less regularly situated, in 
' vitrescOTt bodies, brown free-stone, and rocks of 


• Proofs,.art. xvii. 
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flint, where they are often adomed with eiystals 
and other ihinerais. In quarries of marble, or of 
cRlcArious Atone, the flssttres are fllled with spar, 
flypSttfn,' glRtel^ arid ah earthy sahd, which coih> 
tains a coiisidenihle pbrtioh rif chalks In maria^ 
and evily*othCT t^oieciiK of earth, except sand- 
^one, the perpendicritar fiasrires are either 
empty, or filled with snch matters as have been 
transported thither by water. 

The cause of perpendicular fis|ures is easily 
investigated. As the various materials which 
constitute the different strata were transported by 
the waters, and deposited in the form of sedi* 
ments, they would at first be in a veiy diluted 
state, and* would gradually harden and part with 
the superfluous quantity of water they contained. 
In the process of drying, they would naturally 
contract, and of course split at ' irregular dis« 
tances. These fissures necesmrily assumed a per- 
pendicular direction; because, in this direction, 
the action of gravity of* one particle upon 
another is equal to nothing ; but it acts directly 
opposite in a horizontal situation’: the diminu- 
tion in bulk could have no sensible' effect but 
in a vertical line. I say, the contraction of 
the parts in drying, not the contained water 
forcing an issue, as has’ been alleged, is the 
cause of perpendicular fissures; for I have often 
remarked, that the sides of these fissures, through 
their whole extent, correspond as exactly as the 
two sides of a split piece of wood. Their sur- 
faces are rude and irregular. But, if they had 
taken their rise from the motion of water, they 
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MTould hav6 been smooth and )>olished. ' Hence 
these fissures must have been produced, either 
suddenly or gradually, by drying and contracting, 
like the cracks and fiasures in green wood; 
and the greatest part of the water the bodies 
contained must have evapprated tbroi^h the 
pores. In the chapter upon minerals, we shall 
demonstrate, that some part of the originsd 
water still remains in stones and several other 
snbstsmces; and that crystals, minerals, and 
some other bodies, owe their existence to this 
water. 

Perpendicular fissures vary greatly as to the 
extent of their openings. I^me are about half 
an inch, or an inch, others a foot, or two feet; 
some extend several fathoms, and give rise to 
those vast precipices which so frequently occur 
between opposite parts of the same rocks in the 
Alps and other high mountains. It is plain, 
that the fissures, the openings of which are small, 
have been occasioned solely by drying. But 
those which extend several feet are partly 
owing to another cause; namely, the sinking of 
the foundation upon one side, while that of the 
other remained firm. If the base sinks but a line 
or two, when the height of the rock^ is con- 
siderable, an opening of several feet, or even 
fathoms, will be the consequence. When rocks 
are founded on clay or sand, they sometimes slip 
a little to a side; and the fissures are of course 
augmented by this motion. 1 have not hitherto 
mentioned those large openings, those prodi- 
gious cuts, which are to be met with in rocks 
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aiid mountains: these could not be produced bjr 
any other means than the sinking of immense 
subterraneous caverns, which were unable longer 
to sustain their incumbent load. But these cuts 
or intervals in mountains are not of the same 
natui'e witd perpendicular fissures: they appear 
to have been ports opened by the hand of 
Nature for the communication of nations. This 
seems to be the intention of all large openings 
in chains of mountains, and of thpse straits by 
which different parts of the ocean are connected; 
as the Straits of Thermopylae, of Gibraltar, 
&c.; the gaps or ports in Mount Caucasus, the 
Cordeliers, &c. A simple separation, by the 
drying of the matter, could not produce this 
effect: large portions of earth must have been 
sunk, swallowed up, or thrown down *. 

These great sinkings, though occasioned by 
accidental and secondary causes f, are leading 
facts in the history of the earth, and have con- 
tributed greatly in changing the appearance of 
its surface. Most of them have been produced 
by subterraneous fires, the explosions of which 
give rise to earthquakes and volcanos. The 
force of inflamed matter, shut up in the bowels 
of the earth, is irresistible J. By the action of 
subterraneous fires, whole cities have been swal- 
lowed up, mountains, and large tracts of coun- 
try, have been overturned and rendered unfit 

* Proofs, art. xvii. f Ibid, 

t Agricola de rebus qase efiluunt e terra. Phil. Trans, 
abridged, vol ii. p. 391. Ray's Discottiaes, p. S73, 
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for the habitation of inen. though, this 

force be great, though its dfe^ts appear to be 
prodigiousi, we cannot assent to the opinions of 
some authors, who suppose th^ these subterra* 
neons fires are only branches of an immense 
abyss of , flame in the centre of the earth. Nei< 
ther do we credit the common notion, that these 
fires have their seat at a great depth below the 
surface; for matter cannot begin to burn, or at 
least the inflammation cannot be supported, 
without air. In examining the materials which 
issue from volcanos, even in their most violent 
eruptions, it is easy to perceive that the furnace 
is . not very deep, and that the inflamed sub* 
stances are the same with those on the top of 
.the mountain, only disfigured by calcination and 
the melting of the metallic particles they contain. 
To be convinced that the matters thrown out by 
volcanos come not from any considerable depth, 
we need only attend to the height of the moun* 
tain, and consider the immense force which 
would be necessary to project stones and mine- 
rals to the height of half a league; for iEtna, 
Hecla, and other volcanos, have at least that 
elevation. 

Now, it is well known that fire a(4s equally 
on all sides; it cannot, therefore, act upwards 
with a force sufficient to throw large.stones half 
a league high, without an equal re-action on 
the base and sides. But the sides of the moun- 
tain would very soon be pierced and blown to 
peices by this re-action; because the materials 
of which it consists are not more, dense or firm 
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than thdse vfliich are projected; How, then, can 
it be imagined,’ ^tbat the carity^ which mast be 
conndered ae the tube or cannon, could possibly 
resist a force necessary to raise such heavy bodies 
to the mouth of the volcano ? Besides, suppose 
the cavity*deeper, as the external orifice is not 
great, it would be impossible for so large a 
quantity of liquid and burning matters to issue 
forth at a time, without clashing against each 
other, and against the irregular, sides of the 
cavity; and, in passing through so long a space, 
they would be in danger of cooling and con- 
gealing. Rivers of melted sulphur and bitumen, 
projected from volcanos along with stones and 
minerals, run from tiie tops of the mountains 
into the plains. Is it natural to think, that 
matter so fluid, so little able to resist violent 
action, ‘could be projected from a very great 
depth ? Eveiy observation which can be made 
on this subject will tend to prove, that the Bre 
in volcanos is not veiy distant from the tops of 
the mountains, and never descends so low as the 
level of the plains'*. 

This account of volcanos, however, is not 
inconsistent with their being the cause of consi- 
dendile^earthquakes; neither does it contradict 
the communication of one volcano with an- 
other, ^ meims of sttbterraneous passages f . But 
the depth of the fhmace is the object of our 
present Investigation ; mid it oannoit be very dis- 

* Borelli de incendiu JEtne. 

t Phil. Trans, abridged, vd. ii. p- 392. 
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tant from the mouth of the volcuio. To pro- 
duce an earthquake in a plain,i.it is not neces- 
saiy that the bottoai;o£<the vtdcano should he 
below the level <^that plain, nor that there should 
be subterraneous cavities filled* with the same 
burning matter under the plain. A violent ex- 
plosion, with which eruptions are unifornfiy 
accompanied, may, like that of a powder-ma- 
gazine, give such a concussion as to produce, 
by its re-actipn, an earthquake of considerable 
extent. 

1 mean not to say, that there are no earth- 
quakes which derive their existence from sub- 
terranean fires*} but that there are earthquakes 
produced solely by the explosion of volcanos. 
In confirmation of what has been said upon this 
subject, volcanos seldom or never appear in 
plains; on the contrary, their mouths, or craters, 
are always found on the tops of the highest 
mountains. If the subterraneous fire of vol- 
canos stretched below the plains, would not 
new passages be opened there during violent 
eruptions, rather than in the topsof the mountains, 
where the resistance is greater? In the ISrst 
eruption, would it not have been easier to pierce 
a plain, than a mountain of half a league in 
height ? 

It is not difficult to discover the reason why 
volcanos appear only in mountains. Greater 
quantities pf minerals, sulphur, and pyrites, 
exist in mountains, and nearer the surface, than 


* Proofs, art. xvL 
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in plains. The mountiuns have likewise this 
&rther advantage; they are more subject to the 
impressions of the air, and receive more rata and 
moisture, by which mineral substances are cai* 
paUe of being fermented to such a degree as to 
produce actual inflammation. 

To conclude, it has often been observed, that, 
after violent eruptions, the mountains have sunk 
and diminished, nearly in proportion to the 
quantity of matter thrown out, which is another 
proof that volcanos are not so deep as the base 
of the mountains, and even that they are net 
much below the summit. 

In many places, earthquakes have formed 
considerable hollows, and even some large gaps, 
in mountains. All other inequalities are coeval 
with the mountains themselves, and owe their 
existence to currents in the ocean; for, in every 
place which has not been disturbed by accidental 
convulsions, the strata of mountains are parallel, 
and their angles correspond*. It is not dif- 
ficult to distinguish subterraneous caverns and 
excavations formed by volcanos, from those 
produced by water. The latter consist only of 
solid rocks, the sand and clay with which they 
were formerly filled being carried off by the 
water, which is the origin of caverns in hills; 
for those found in plains are commonly nothing 
but old pits and quarries, like the salt-quarries 
cff Maestricht, the mines of Poland, See. But 
natural caverns are proper to the mountains; 

* Probh, art. xvii. 
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the summit, or higher parts, furnish them with 
water which afterwards issues out to the surface 
wherever it can find a passage. These caverns 
are the sources of springs and rivers. When 
a large cavern of this kind is suddenly filled up 
by the falling of its roof, an inundatioft is gene- 
rally the consequence *. 

From these facts it is easy to perceive how 
much subterraneous fires have contributed to 
change both tlie surface and internal part of the 
globe. This cause has power suificient to pro- 
duce very great effects. But it is difficult to 
conceive how any sensible alterations upon the 
land can be introduced by the winds f. Their 
dominion would appear to be confined to the 
sea. Indeed, next to the tides, nothing has such 
a powerful influence upon the waters j the flux 
and reflux proceed with an uniform pace; their 
operations are always the same ; but the action 
of the winds is capricious and violent. They 
rush on with irresistible fury, and excite such 
impetuous commotions, that the ocean, from a 
smooth and tranquil plain, in an instant is fur- 
rowed with waves, which emulate the height of 
mountains, and dash themselves in pieces against 
the shores. The surface of the ocean isi subject 
to constant alterations from the winds. But 
ought not the surface of the land, which has so 
solid an appearance, ever to remain uninfluenced 
by a cause of this kind? It is consonant to ex- 

* Phil. Trans, abridged,, vol. ii. p, S22. 
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j^eri^nce, however, that the winds raise moun- 
tains of sand in Arabia and Africa^ that they 
overwhelm large plains with it; and that they 
frequently carry these sands many leagues into 
the sea, where they accumulate in such quantities 
as to fortti banks, downs, and even islands 
It is also well known, that hurricanes are the 
scourge of the Antilles, of Madagascar, and of 
other countries, where their impetuosity is so 
great, that they sweep away treqs, plants, and 
animals, together with the soil which* nourished 
them. They drive back, they annihilate rivers, 
and produce new ones} they overthrow rocks 
and mountains; they scoop out holes and gulfs 
in the earth, and totally change the face of 
those unhappy countries which give birth to 
them. Happily, few clinriates are exposed to 
the violence of those dreadful agitations of the 
air. 

But the greatest changes upon the surface of 
the earth, are occasioned by rains, rivers, and 
torrents from the mountains. These derive their 
origin from vapours raised by the sun from the 
surface of the ocean, and are transported by the 
winds through every climate. The progress of 
these vapours, which are supported by the air, 
and transported at the pleasure of the winds, is 
interrupted by the tops of the mountains, where 
they accumulate into clouds, and fall down iii 
the form of rain, dew, or snow. At first, these 


* Bellanuin. de ascen. mentis in Deum.' Varen. Geo||', 
p. V82, Voyag. de Pyrard. tom. i. p. 470. 
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waters descended into the plains without any 
fixed coarse* ; bat they gradually hollowed out 
proper channels for themselves. By the power 
of gravity, they ran to the bottom of the moun- 
tmns, and,, penetrating or dissolving the lower 
grounds, they carried along with theiA sand and 
gravel, cut deep fiirrows in the plains, and thus 
opened passage to the sea, which always receives 
as much water by rivers as it loses by evapo- 
ration. The windings in the channels of rivers 
have uniformly corresponding angles on their 
opposite banks; and as mountains and hills, 
which may be regarded as the banks of the valleys 
by which they are separated, have likewise 
sinuosities with corresponding angles, this cir> 
cumstance seems to demonstrate, that the valleys 
have been gradually formed by currents of the 
ocean, in the same manner as the channels of 
rivers have been produced. 

The waters which run upon the surface, and 
support the verdure and fertility of the soil, 
compose not perhaps one half of the quantity 
that is produced by vapour. Numberless veins 
of water sink deep into the bowels of the earth. 
In some places, you are certain of obtaining 
water by digging; in others, none can be found. 
In almost all the valleys and low grounds, at a 
certain depth, water is uniformly to be met 
with. But, in all high grounds, it is impossible 
to extract water from the bowels of the earth. 

It must be collated from the heavens. Tbero 
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)Bre extensive countries where no wells can be 
obtained; there men, and other animals, are 
supplied with drink from cisterns and pools. In 
the east, and especially in Arabia, Egypt, and 
Persia, wells and springs are great and valuable 
rarities. To supply their place, the inhabitants 
have been obliged to make large reservoirs to 
collect the water that tails from the heavens. 
These works, pr<yected and executed from public 
necessity, constitute the most beautiful and mag* 
nificent monuments of the east. Some eastern 
reservoirs have more than two square leagues of 
superfices, and fertilize whole provinces by 
numberless ducts and canals let out from all sides. 
But, in plain countries, furnished with laige 
livers, it is impossible to break the surface of the 
earth without finding water. In camps situated 
in the neighbourhood of rivers, it often happens 
that every tent may have its own well, by giving 
a few strokes with a pick-ax. 

Most of the water, so liberally diffused through 
low grounds, comes from the neighbouring bills 
and eminenees. During great rains, or the 
sudden melting of snow, part of the water runs 
upon the surface; but most of it penetrates the 
earth and rocks, by means of small chinks and 
fissures. This water rises again to the surface, 
whenever it can find an issue; but it often drills 
through sands, and creeps along till it finds a 
bottom of clay, or hard earth, and there forms 
subterraneous lakes, brooks, and perhaps rivers, 
of which the channels are for ever buried in ob« 
livion. Subterraneous rivers, however, must 
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follow the general law of nature, and uniformly 
run from the higher to the lower ground. 
Their waters must of course either fall at last 
into the sea, or be collected in some low place, 
whether at the surface or in the bowels of the 
earth : for there are several lakes whic'h neither 
receive nor give rise to any river. A still greater 
number receive no considerable river, but are 
the sources of the largest rivers on earth; as the 
lakes from, which the river St. Lawrence issuds ; 
the lake Chiam^, from which two large rivers 
arise, that water the kingdoms of Asem and 
Pegu; the lakes of Assiniboil in America; those 
of Ozera in Muscovy; those that give rise to 
the Bog and the Irtis, and many others*. It 
is plain, that these lakes must derive their ex- 
istence from the waters of superior grounds, 
running through subterraneous passages. Some, 
indeed, have affirmed, that lakes are to be met 
with on the tops of the highest mountains. But 
this is incredible; for the lakes found on the 
Alps, and other elevated situations, are all over- 
topped by higher mountains, and derive their 
origin from the waters which run down the 
sides, or are filtered through the bowels of these 
superior eminences, in the same manner as the 
lakes in valleys are supplied. 

From this reasoning, the existence of subter- 
raneous collections of water, especially under 
large plains, is apparent f : for mountains, hills, 
and heights of every kind, are exposed on all 
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sides to the weather. The waters which fall 
upon their summits, and upon elevated plains, 
after penetrating the earth, must, from the de- 
clivity of the ground, break out at many places 
in the form of springs and fountains: of course, 
little watef will be found in the bowels of moun- 
tains. But, in plains, as the water filtrated 
through the earth can find no issue, it must be 
collected in subterraneous caverns, or dispersed 
in small veins, among sand and gravel. This is 
the origin of the water so universalfy diffused 
through low grounds. The bottom of a pit, or 
well, is only a small artificial bason, into which 
the water insinuates itself from the higher 
grounds. At first it generally falls in by drops; 
but afterwards, when the passages become more 
open, it receives fresh .supplies from greater dis- 
tances, and runs in small continued veins or 
rills. To this circumstance it is owing, that 
although water may be found in any part of a 
plain, only a certain number of wells can be 
supplied. This number is in proportion to 
the quantity of water diffused, or rather to 
the extent of the higher grounds from which it 
comes. 

To find water, it is unnecessary to dig below 
the level of a river. It is commonly found at 
smaller depths. The water of rivers seldom 
spreads far in the earth by filtration. Even 
what is found in the earth below, the level of 
rivers, is not derived from, them ; for, in rivers 
which have been dried up, or whose courses have 
been changed, no greater quantity of water is 
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obtained by digging, than in the neighbouring 
ground at an equal depth. Five or six feet of 
earth is sufficient to contain water, and to pre> 
vent its escape : I have often remarked, that the 
banks of rivulets or pools have no sensible 
moisture at the distance of six inches from the 
water. It is true, the filtration is always in 
proportion to the penetrability of the ground. 
But, upon examining the stagnating pools with 
a sandy bottopi, it is remarkable that the moist' 
ure spreads but a few inches. Neither is the 
extent of it great in a vegetable soil, which is 
much more loose and porous than sand or hard 
earth. A garden bed, though plentifully war 
tered, communicates little or no moisture to those 
adjoining. I have examined level heaps of gar* 
den earth, of six or eight feet thick, which had 
remained undisturbed for some years, and found 
that the rain-water had never reached above 
three or four feet deep. 1 have made the same 
observation upon earth which had lain SOO years 
in ridges : below the depth of three or four feet, 
it was as dry as dost. Hence the spreading of 
water, by filtration alone, is not so extensive as 
has generally been imagined. Very little can 
descend in this way to the bowels of tlie earth. 
But water, by its own gravity, descends from 
the surface to the greatest depths. It sinks 
through natural conduits, or forces passages for 
itself : it follows the roots of trees, the fissures 
of rocks, or interstices in the earth. It divides 
and expands on all hands into an infinite num- 
ber of small branches or rills: and uniformly 
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descends till its progress is stopped by clay or a 
solid earth, where it accumulates and breaks out 
.to the surface in form of a spring or fountain. 

It would be no easy task to make an exact 
calculation of the quantity of subterraneous wa> 
ters whicif iiave no apparent issue*. Many aa> 
thors pretend that it greatly surpasses all the war 
ters on the surface : not to mention those who 
think that the interior part of the globe is en- 
tirely filled with water, it is imagined by some, 
that there is an infinite number of nvers, rills, 
and lakes, in the bowels of the earth. But this 
opinion seems to have no proper foundation; 
and it is probable, that the quantity of subter- 
raneous waters, which never appear at the sur- 
face, is very inconsiderable ; for, if the number 
of subterraneous rivers were so great. Why do 
we never see any of their mouths break out, 
like springs, on the surface? Besides, rivers pro- 
duce considerable changes on the surface of the 
earth ; they carry off' the soil; they wear away 
the most solid rocks, and remove every thing 
that opposes their passage. The same effects 
would result from subterraneous rivers. But 
no such changes have ever been discovered ; no- 
thing below the surface is displaced ; the differ- 
ent strata every where preserve their parallel and 
primitive position : and it is only in Teiy few 
places that subterraneous veins of water, of any 
consideration, have been discovered. Thus, the 
internal operation of water is not gpreat ; but, as 
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it is divided into an indnity of small veins, which 
are often ehnt up by numberiess obstacles, it gives 
rise to many substances, which are totally dif- 
ferent, both in form and structure, from those of 
the primitive matter. 

■ From what has been advanced, we "may con- 
clude, that the flux and reflux of the ocean have 
produced all the mountains, valleys, and other 
inequalities on the surface of the earth ; that 
currents of the sea have scooped out the valleys, 
elevated the hills, and bestowed on them their 
corresponding directions; that the same waters 
of the ocean, by transporting and depositing 
earth, &c., have given rise to the parallel strata; 
that the waters from the heavens gradually de- 
stroy the effects of the sea, by continually di- 
minishing the height of the mountains, filling 
up the valleys, and choking the mouths of ri- 
vers ; and, by reducing every thing to its former 
level, they will, in time, restore the earth to the 
sea, which, by its natural operations, will again 
create new continents, interspersed with rnoun* 
tains and valleys, every way similar to those , 
which we now inhabit. 
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ARTICLE I. 

Of the Formation of Planets. 

As natural history is our proper subject, we 
would willingly dispense with astronomical ob>- 
servations. But, as the earth is so nearly re- 
lated to the heavenly bodies, and as observations 
of this kind illustrate more fully those doctrines' 
We have already advanced, it is necessary to give 
some general ideas concerning the formation, mo- 
tion, and figure of the earth, and other planets. 

The earth is a globe of about SOOO leagues in 
diameter j it is situated 30 millions of leagues 
from the sun, round which it revolves in 365 
days . This annual revolution is the effect of 

* This was the general opinion of astronomers in the year 
1745, when I composed the treatise on the formation of the 
planets. But later observations, and particjalarly those de« 
rived from the transit of Venus over the sun’s disk in 176d, 
show, that this distance of thirty millions should be augmented 
three or four millions of leagues. It is for this reason that, 
ill the Eposes de la Nature, 1 have always reckoned the mean 
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two forces j the one may be considered as an im* 
pulse from right to left, or from left to right} 
the other as an attraction from above down- 
wards, or from below upwards, to a common 
centre. The dilution and quantity of these 
forces are combined, and so nicely adjusted, that 
they produce a uniform motion in an ellipse ap- 
proaching to a circle. Like the other planets, 
the earth is opaque, throws out a shadow, and 
reflects the rays of the sun, about which it re- 
volves in a time proportioned to its relative dis- 
tance and density. It likewise revolves about 
its own axis in 24 hours ; and its axis is inclined 
to the plane of its orbit 664 degrees. Its figure 
is that o£a spheroid, the two axes of which dif- 
fer firom each other about an 17^th part; and 
it revolves round the shortest axis. 

dutance of the ran firom the earth to be thirty.three millions 
of leagues, instead of thirty. This remark was necessary to 
prevent the suspicion of my having contradicted myself. 

I most farther remark, that the sun i.s not only thirty-three 
or thirty-four millions of leagues distant from the earth, but, 
ftom the same observations, it has likewise been discovered, 
that the volume of the siin is a tenth part larger than was for- 
merly supposed ; and# consequently, that the whole mass of 
the planets is only an eight hundredth part of that of the sun, 
and not a six hundredth and fiftieth part, as I had 'advanced 
from the information we possessed in the year 1745. This 
difierence strengthens the probability that the matter of the 
planets was projected from the body of the son 


* According to Lalarde, the meaO distance Of the earth from the 
sun is 54,557,480 leagues, of 1s,283 toises each. Ihrofessor Vince cal- 
eulates it at 93,474,875 miles; and both Hutton and Young have etir 

W. 
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Tliese are the principal pbasoomena of the 
earth, the results of discoveries made by means 
of geometiy, astronomy, and navigation. It is 
unnecessary here to enumerate the proofs and 
observations by which these facts have been es> 
tablished.* We shall confine our remarks to such 
objects as are still doubtful ; and shall th^efore 
proceed to give our ideas concerning the forma* 
tion of planets, and the changes they have un- 
dergone, previous to their arriving jit the state in 
which we now perceive them. To the many 
systems and hypotheses which have been framed 
concerning the formation of the earth, and the 
different states it has passed through, we may be 
allowed to add our own conjectures, especially 
as we are determined to support them with a 
superior degree of probability } and we are the 
more encouraged to deliver our notions on this 
subject, because we hope to enable the reader to 
distinguish between an hypothesis which consists 
only of possibilities, and a theory supported by 
facts ; between a system, such as we are about 
to give, of the formation and primitive state of 
the earth, and a physical history of its real con- 
dition, which has been delivered in the preceding 
discourse. 

Galileo traced the laws of falling bodies j and 
Kepler observed, that t^e areas which the prin- 
cipal planets describe in moving round the sun, 
and those of the satellites round their principal 
planets, were proportioned to the periods of 
their revolutions, and that these periods were, 
as the square roots of the cubes of their distances 
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from the sun, or from the principal phoetUt 
Netvton discovered that the power of gravity 
extended to the moon, and retained jt in its A*- 
bit j that the force of gravity diminished in ex- 
act proportion to the squares of the distances, 
and, consequently, that the moon is attracted by 
the earth ; that the earth, and all planets, are 
attracted by the sun 3 and, in general, that all 
bodies which revolve about a centre, and de- 
scribe areas proportioned to the periods of their 
' revolution, are attracted by that luminary. Gra- 
vity, therefore, is a general law of nature. The 
planets, comets, the sun, the earth, are all sub- 
ject to its laws } and it is the source of that har- 
mony which prevails in the universe. Nothing 
in physics is better established than the existence 
of this power in every material body. Repeat- 
ed experience has confirmed the effects of its 
influence, and the labour and ingenuity of geo- 
meters have determined its quantity and. rela- 
tions. 

This general law being once discovered, the 
effects of it would be easily explained, if the ac- 
tion of those bodies which produce them were 
not too complicated. A slight view of the solar 
system will convince us of the difficulties^ which 
attend this subject. The principal planets are 
attracted by the sun, the sun by the planets, the 
satellites by the principal planets, and each pla- 
net attracts all the others, and is attracted by 
them. All these actions and re-actions vary 
according to the quantities of matter and the dis- 
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even irregularities. How are so many relations 
to be combined and estimated ? -.^mong such a 
number of objects, how is it possible to trace 
any individual? These difficulties, however, 
have been surmounted j the reasonings of the- 
ory have been confirmed by calculation ; every 
observation has produced a new demonstration ; 
and the systematic order of the universe is now 
laid open to every man who is able to distinguish 
truth from error. 

The force of impulsion, or what is commonly 
called the centrifugal force, is still unknown; 
but it. affects not the general theory. It is evi- 
dent, that, as the attractive force continually 
draws all the planets towards the sun, they 
would fall in a perpendicular line into that lu- 
minary, if they were not kept at a distance by 
some other power, forcing them to move in a 
straight line. If, again, this impulsive force 
were not counteracted by that of attraction, all 
the planets would fly off in the tangents of their 
respective orbits. This progressive or impulsive 
force was unquestionably at first communicated 
to the planets by the Supreme Being. . But, in 
physical subjects, we ought, as much as possible, 
to avoi(^ having recourse to supernatural causes ; 
and, I imagine,- a probable reason may be as- 
signed for the impulsive force of the planets, 
which will be agreeable to the laws of mechanics, 
and not more surprising than many revolutions 
that must have happened in the'universe. 

The sphere of the sun’s attraction is not limit- 
ed by the orbits of the planets, but extends to 
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tun indefinite distance, always decreasing accord* 
ing as the squares of the augmented distances. 
The comets, it is evident, which escape onr sight 
in the heavenly regions, are, liiie the planets^ 
subject to the attraction of the sun, and by it 
their motions are regulated. All these'bodies, the 
directions of which are so various, move round 
the sun, and describe areas proportioned to their 
periods, the planets in ellipses, more or Jess cir- 
cular, and the comets, in narrow ellipses of vast 
extent. The motions, therefore, both of planets 
and comets, are regulated by impulsive and at' 
tractive forces continually acting upon them, 
and obliging them to describe corves. But it is 
worthy of remark, that comets run through the 
system in all directions; that the inclinations of 
the planes of their orbits are so very different, 
that though, like the planets, they be subject to ^ 
the law of attraction, they have nothing in com- 
mon with regard to their progressive or impul- 
sive motion.s, but appear, in this respect, to be 
absolutely independent of each other. The pla- 
nets, on the contrary, move round the sun in 
the same direction, and nearly in the same 
plane, the greatest inclination of their planes 
not exceeding 7^ degrees. This similarity in 
the position and motion of the planets indicates, 
that their impulsive^ and centrifugal forces must 
have originated from one common cause. 

May we not conjecture, that a comet falling 
into the body of the sun might drive off some 
parts from its surface, and communicate to 
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I'elain ? This conjecture appears to be as well 
founded as that of Mr. Leibnitz, which supposed 
the earth and .planets to have formerly been 
Suns; and his system, of which an abridgment 
will be given in art. v., would have been more 
comprehensive, and more consonant to proba- 
bility, if it had embraced the above idea. We 
agree with him, that this effect was produced at 
the time when God is said by Moses to have se- 
parated the light from the darkness j for, accord- 
ing to Leibnitz, the light was separated from the 
darkness when the planets were extinguished. 
But, on our supposition^ there was a real physical 
separation; because the opaque bodies of the 
planets were detached from the luminous matter 
of which the sun is composed *. 

These expressions, however, are not correct; 

Ir the matter of the planets, when projected 
from the sun, was equally luminous as that of the 
sun itself, and the planets became not opaque till 
their state of fluid brightness had ceased : the 
duration of this state in several kinds of matter 1 
determined by experiment ; and, from analogy, I 
calculated the continuation of this bright state 
in each of the planets f. Besides, as the torrent 
of matte^ projected from the body of the sun by 
the comet, traversed the immense atmosphere of 


* If the Count de BufTon had known, that the nucleus o( 
the sun was a solid and opaque matter, a discovery lately made 
by the ingenious Dr. Wilson of Glasgow, his hypothesis would 
have laboured under fewer difficulties, 
t See Epbques de la Nature. 

VOL, I. F 



6B OF THE FOftMATlO^ 

that luminary, it carried off tKe TolatSW, aqiift* 
ous, and aSrial p&rts of which the seas and 
atmospheres bf the different planets are now 
composed. Hence we may conclude, that 
the matter of the planets is the same, in every 
res{^Ct> 'irith that of the sun, and ‘that there 
is tki other difference but in the degree of heat, 
tfihich is 'extreme in the sun, and greater or 
smtiHer in the planets, according to the com~ 
pound rat]o pf their thickness and density. ^ 
This notion concerning the cause of the cen- 
trifugal force of the planets will appear to be 
less exceptionable, after we have collected the 
analogies, and esthnated the degrees of proba- 
bility by which it may be supported. We 
shall first mention, that tire planets move in 
one common direction, namely, from west tc 
ea^. By the doctrine of chances, it is easy 
to demonstrate, that this circumstance makes 
it as 64 to 1, that the planets could not at 
all move in tlie same direction, if their centri- 
fugal forces bad not proceeded from the same 
cause. 

This probability will be greatly augmented, 
if we ctmSider the similarity in the inclina- 
tions of the planes of their orbits, which ex- 
ceed not 7§ degrees; for, by calculations, it 
has been discovered, that it is S4 to 1 against 
any t«;o planets being found, at the same 
time, in the most distant parts of their orbits-; 
and, consequently, 24 % or 7,692,624 to 
that this effect could not be produced by acci- 
dent; or, what amounts to the same, there is 
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this great degree of probability, that the planets 
bare been impressed with one common moving 
• force, from which they have derived this 
singular position. But nothing could bestow 
this common centrifugal motion, except the 
force and 'direction of the bodjes by which 
it was originally communicated. We may, 
therefore, conclude, that all the planets have 
probably received their centrifugal motion 1^ 
one* single stroke. Having established this 
degree of probability, which almost amounts 
to a certainty, I next inquire what moving 
bodies could produce this effect; and I can 
find nothing but comets dApable of comtnu* 
nicating motion to such vast masses. 

Upon examining the course of comets, it 
is easy to believe that some of them must 
^casionally fall if||o the sun. The comet 
1680 approached sb' near, that, at its perihe- 
lion, it was not more distant from the sun 
than a sixteenth part of his diameter; and if 
it returns, which is extremely probable, - in the 
year %% 55 , it may then fall into the sun. 
This event must depend upon the accidents it 
meets with dn its course, and the retardations 
it suffeiiS in passing througli the sun’s atmo- 
sphere*. 

We may therefore presume, with the great 
Newton, that comets sometimes frdl into the 
sun. But they may fall in different directions. 

|f -they fall peipendicolarly, or in a direction 

* See Newt, edit 3. p. eSS, 

TOO 
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not verj oblique, they will remain in the body 
of the sun, serve* the purposes of fuel, and, 
by their impulse, remove the sun from his 
place, in proportion to the quantity of matter 
they contain*. 'But, if a comet falls in a 
very oblique direction, which will*' most fre- 
quently happen, it will only graze the surface, 
or penetrate to no great depth. In this case, 
it may force its way past the sun, detach cer- 
tain portiotis of his body, to which it will 
communicate a common impulsive motion; 
and these portions pushed off from the sun, 
and even the comet itself, may turn planets, 
which will revolve round this luminary in the 
same direction, and nearly in the same plane. 
A calculation, perhaps, might be made of the 
quantity of matter, velocity, and direction, a 
comet ought to have, in order to force from 
the sun masses equal to those which compose 
the six planets and their satellites. But it 
is sufficient here to observe, that the whole 
planets, with their satellites, make not a 650th 
part, of the sun’s massfj for although the 
density of Saturn and Jupiter be less than that 
of the sun, and though the earth be four 
times, and the moon near five times, more 
dense than the sun; yet they are only atoms 
when compared to his immense volume. 

It must be acknowledged, that, although a 
.« 

* Quaer. Wguld not such an cven^ by augmenting the 
nun’s quantity of matter^ ancl^ consequently, his attracliv^ 
power, produce other changes in the solar system ? 
f See Newt, p, 4QS. 
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65dth part of a whole may seem inconsider- 
able, it would require a very large comet to 
detach this part from the sun. But, if we 
consider the prodigious rapidity of comets in 
their perihelion; the near approach they make 
to the siiAj the density and strong cohesion 
of parts necessary to snstain, without destruc- 
tion, the inconceivable heat they undergo j 
and the solid and brilliant nucleus which shines 
thrdugh their dark atniosphcres.;,.jt cannot 
be doubted that comets are composed of mat- 
ters extremely dense and solid ; that they 
contaip, in small limits, a great quantity of 
matter; and, consequently, that a comet of 
no enormous size may remove the sun from 
his place, and give a projectile motion to a 
mass of matter equal to the 6^0th part of his 
body. This remark corresponds with what 
we know concerning the respective densities 
of the planets, which always decrease in pro- 
portion to their distances from the sun, having 
less force of heat to resist. Accordingly, Sa- 
turn is less dense than Jupiter, and Jupiter 
much less than the earth. Thus, if the density 
of the planets, as Newton alleges, be in pro- 
portion to the quantity of heat they support, 
Mercury will be seven times denser than the 
earth, and 28 times denser than the sun, and the 
comet 1680, 28,000 times more dense than 
the earth, or 112,000 times denser than the 
sun. Now, supposing the quantity of matter 
in this comet to be equal to a ninth part of 
the sun, or allowing it to be only lOOdth part 
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of the bulk of the earth, its quantity of matter 
would still be equal to a 900dth part of the 
sun : hence a body of this kind, which would 
be but a small comet, might pash off from 
the sun a QOOdth or a 630th part, especially 
when the amazing rapidity of comets, in their 
perihelion, is taken into the calculation. 

The correspondence between the density of 
the whole planets, and that of the sun, de- 
serves also^to be noticed. Upon and hear 
the surface of the earth, there are substances 
1400 or 1£00 times denser than others; the 
densities of air and gold are nearly in this pro- 
portion. But the interior parts of the earth 
and planets are more uniform, and differ little 
with regard to density; and the correspond- 
ence in the density of the planets and that of 
the sun is so great, that, out of 650 parts, 
"which comprehend the whole density of the 
planets, there are more than 640 nearly of the 
same density with the solar matter; -and there 
are only ten of those 650 which are of a su- 
perior density ; for the density of Saturn and 
Jupiter is nearly the same with that of the 
sun; and the quantity of matter in those two 
planets is at least 64 times greater than what 
is contained in the four inferior planets. Mars, 
the Earth, Venus, and Mercury. We may, 
therefore, conclude, that, in general, the matter 
of the planets is very nearly of the same kind 
with the solar matter,, and, of course, that 
the 'former may have ^een separated from 
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To tl«s theory it may be objected, th^t, if 
the planets had been driven off from the sun 
by a comet, in place of describing circles 
round him, they must, according to the lavv 
of projectiles, have returned to the same place 
from whdnce they had been forced ; and, 
therefore, that the projectile force of the 
planets cannot be attributed to the impulse 
of a comet* 

I reply, that the planets issued not fjom 
the sun in the form of globes, but in the form 
of torrents, the motion of whose anterior par- 
ticles. must have been accelerated by those 
behind, and the attraction of the anterior 
particles would also accelerate the motion of 
the postenor; and that this acceleration, pro- 
duced by one or both of these causes, might 
be such as would necessarily change the ori- 
ginal motion arising from the impulse of the 
comet, and that, from this cause, might re- 
sult a motion similar to what takes place in 
the planets, especially when it is considered, 
that the shock of the comet removes the sun 
out pf its former station. This reasoning may 
be illustrated by au example. Suppose a 
musketjball discharged from the top of a moun- 
tain, and that the force of the powder was 
sufficient to push it beyond a semidiametet* 
of the earth, it is certain that this ball would 
revolve round the earth, and return at every 
revcdution to the fdace from whence it had 
been discharged. Bat, instead of a musket- 
ball, if a rocket were employed, the continued 
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action of the fire would greatly accelerate 
the original impulsive motion. This rocket 
would by no means return to the same points 
like the ball; but, caterh paribus, would de- 
scribe an orbit, the perigee of which would 
be more or less distant from the earth in pro- 
portion to the greatness of the change pro- 
duced in its direction by the accelerating force 
of the fire. In the same manner, if the ori- 
ginal proje^ye force impressed by the comet 
on the torrent of solar matter was accelerated, 
it is probable, that the planets formed by this 
torrent acquired their present circular or ellip- 
tical movements around the sun. 

The appearances exhibited in great eruptions 
from volcanos may give some idea of this acce- 
leration of motion. Wlien Vesuvius begins to 
groan and throw out inflamed matter, it has been 
oiteu remarked, that the motion of the cloud 
firs! ejected is slo^v.'r than the succeeding ones, 
and that tiiey goon increasing in celerity, till at 
last sulphur, lava, melted metal, and huge stones 
are thrown up; and that, though these observe 
nearly the same direction, they alter consi- 
derably that of the first cloud, and elevate it to 
a greater height than -it would otherwi^ have 
reached. 

The objection will be still farther obviated, if 
it is considered, that the impulse of the comet 
must, in some degree, have communicated a 
motion to the sun, and removed it from its 
former situation; and that, although this mo- 
tion may now be so small as to escape the 
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notice of astronomers, it may still, however, 
exist, iind make the sun describe a curve round 
the centre of gravity of the system. If this 
be allowed, as 1 presume it the planets, 

instead of returning to the sun’s body, would 
describe orbits, the perihelions of which would 
be as distant from the sun as the space that 
he at present occupies is distant from his original 
station. 

It may be farther objected, th^it if motion 
be accelerated in the same direction, no change 
in the perihelion could take place. But is it 
credible that no change of direction can happen 
In a torrent whose particles succeed each 
other? On the contrary, it is extremely pro-, 
bable, that a change was actually produced suf- 
iicient to make the planets move in their present 
orbits. 

It may still be objected, that, if the situation 
of the sun had been changed by the shock of a 
comet, it would move uniformly; and, of course, 
this motion being common to the whole system, 
no alteration would be eflected. But, previous 
to the shock, might not the sun move round 
the centre of the cometary system; and might 
not this primary motion be augmented or dimi-. 
nished by the stroke of the comet? Is not this 
sufficient to account for the actual motion of the 
planets ? 

If none of these suppositions be admitted, may 
it not be presumed that the elasticity of the sun 
might elevate the torrent above his surface, in 
place of pushing it directly forward ? This cirw 
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cnmstance alone would be sufficient to remove 
the perihelion, and give the planets their pre* 
sent movements. Neither is this supposition des* 
titute of foundation: the solar matter may be 
exceedingly elastic; since light, the only part 
of it we are acquainted with, seeihs, by its 
effects, to be perfectly elastic. I acknowledge 
that I cannot determine wiiich of the causes 
above assigned has actually produced an altera- 
tion in the p^ectile force of the planets; but they 
at least show that such a change is not only 
possible, but probable, which is enough for my 
present purpose. 

Without farther insisting on the objections 
which may be made against my hypothesis, or 
the analogical proofs that might be brought in 
support of it, 1 shall prosecute my subject, and 
draw the proper conclusions. Let us first ex- 
amine what might happen to the planets, and 
particularly to the earth, when Uiey were im- 
pressed with their projectile forces, and what was 
their state after their separation from the body of 
the son. A projectile motion having been com- 
municated, by the stroke of a comet, to a quan- 
tity of matter equal to a 650th part of the sun’s 
mass, the light particles would separate from the 
dense, and, by their mutual attractions, form 
globes of different solidities. Saturn being com- 
posed of the largest and lightest parts, would be 
removed to the greatest distance from the sun; 
Jupiter, being denser than Saturn, would have 
a nearer station ; and so of the rest. The largest 
and least solid planets are most distant, because 
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they received a greater projectile force than the 
smaller and denser; for the projectile force being 
proportioned to ' the surface to which it is ap- 
plied, the same stroke would make the larger 
and lighter parts of the solar matter move with 
more rajiidity than the smaller and heavier. 
The parts, therefore, which differed in density, 
would separate from each other in such a 
manner, that, if the density of the solar matter 
be equal to 100, that of Saturn will be equal to 
67 , of Jupiter, ** 94|, of Mars, =200, of the 
Earth, =400, of Venus, = 800, of Mercury, 
= 2,800. But, as the attractive force acts not 
in proportion to the surface, but to the quantity 
of matter, it would retard the progress of the 
more dense parts of the solar matter; and it is 
for this reason that we find the denser planets 
nearest the sun, and which move round him 
with more rapidity than those that are more 
distant, and less dense. 

The density and projectile motion of Saturn 
and J upiter, the two largest planets in the system, 
have the most exact proportion. The density 
of Saturn is to that of Jupiter as 67 to 94i, and 
their velocities are nearly as 88 t to I 2 O 7 V, or as 
67 to,90f|. How rarely do pure conjectures 
correspond so exactly to the phsnomena of 
nature? It is true,, according to this relation 
between the celerity and density of the planets, 
the density of the earth ought not to exceed 
206 tV, instead of 400, which is its real density; 
Jicnce it may be supposed, that the earth has now 
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double its original density*. With regard to the 
other planets, Mars, Venus, and Mercury, as 
their densities are only conjectural, we know 
not whether this circumstance would confirm or 

* The density here ascribed to the earth is to6 great with 
rtjation to the quickness of its motion round the sun^ and 
ought to be cl iiltle diriiini.shed^ for a rea.«on which bad for- 
merly escaj)ed me. The moon, which, in this computation, 
should be regarded as forming a part of the earth, is less 
dense in the ratio of 702 to 1,000, and the lunar globe is •:(Vh 
of the bulk of the terrestrial. Hence, it the moon were as 
large as the earth, we should diminish the density of the 
latter 400 in the ratio of 1,000 to 702, which produces 281, 

I. e. 119 of diminution in the density 400. But, as the . 
moon in only earth, it will pro- 
duce only v.». or of diminution. Consequently, the 

density of our globe, with relation to its celerity, ipsiead of 
C06-/r, ought to be estimated at 206T^jr’f nearly 20Q, 
Besides, we may suppose that our globe, at the beginning, 
was less dense than it is at present, and that it is become 
much more compact both by cooling, and by the sinking of 
Tast caverns with which its interior parts aboupded, Thi^ 
opinion accords with those revolntions which happened, and 
still continue to happen, both on the surface of the earth, and 
even at considerable depths. By the aid of this fact, we are 
enabled to explain the possibility that the waters of the s§a 
were formerly 2,000 fathoms above those parts of the globe 
which arc now inhabited; for these w-aters would still cover 
the whole surface of the earth, if, by immense depressions, 
diflerent parts had not sunk, and formed those rccplacles for 
the waters which at pr«sent exist. 

If we suppose the diameter of the globe to be 2,863 leagues, 
it would be two leagues more when covered with 2,000 
fathoms of water. This difference in the bulk of the earth, 
produced by the sinking of the waters, gives an augmenta- 
tion of a th part of its density. This augrneptation of the 
density, or diminution of the bulk of the globe, may be 
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weaken our hypothesis. Newton says, that the 
densities of the planets are proportioned to the 
degrees of heat they are exposed to ; and it is 
in consequence of this idea that we have men- 
tioned Mars as being one time less dense than 
the earth,* Venus one time. Mercury seven times, 
and the comet 1680, 28,000 times denser than 
the earth. But, if we attend to Saturn and Ju- 
piter, the two principal planets, we will find, 
tliat this supposed proportion between the den- 
sities of the planets and the heat they sustain, is 
not well founded: for, according to this hypo- 
tliesis, the density of Saturn would be as 4,2^, 
and that of Jupiter as HH, instead of the pro- 
portions of 67 and Qiii differences so great as 
to destroy the principles upon which they are 
founded. Thus, notwithstanding the regard due 
to the conjectures of Newton, I cannot refrain 
from thinking that the densities of the planets 
have a nearer relation to their celerities than to 
the degrees of heat to which they afe exposed. 
This, indeed, is only a final cause ; but the other 
is a physic.al relation, the exactness of which is 
remarkable in Saturn and Jupiter. It is certain, 
however, that the density of the earth, instead of 
being 206 is 400; and, consequently, the earth 
must have sulfercd a condensation in the propor- 
tion of 206 to 400. 

From culeulating the action of the solar heat 

doubled, and perhaps tripled, by the sinking and overturning 
of mountains, and the consequent filling up of valleys ; so 
that, since the waters fell upon the earth, its density may be 
supposed to have increased one hundredth part* 
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upon the planets, it appears that this beat, hi 
general, is inconsiderable, and that it has nerer 
produced any great diange in the density of each 
planet; for the action of the solar heat, which 
is weak in itself, has no influence on the density 
of the matter of which the planets are composed,, 
except at their surfaces. It cannot act on the 
internal parts, because it penetrates to a veiy 
small depth only. Hence the total density of a 
planet has no relation to the heat transmitted 40 
it by the sunT 

It appears to be certain, therefore, that the 
density of the planets has no dependence on the 
solar heat, but, on the contrary, that their densi- 
ties have a necessary relation with their celerities, 
which last increase or diminish in proportion to 
their distances from the sun. We have seen, 
that, at the general projection, the more dense 
parts were not removed so far from the sun as 
the less dense. Mercury, which is composed of 
the densest matter projected from the sun, re- 
mained in the neighbourhood of that luminary; 
while Saturn, which consists of the lightest 
matter, is removed to a great distance from the 
sun: and, as the most distant planets revolve 
round the sun with greater celerity than those 
that are nearer, it follows, that their density has 
a direct relation with their celerity and still more 
with their distance from the sun. The distances 
of the six plpnets from the sun are as 4, 7> 10, 
15 , 52, 95; and their densities as 2,040, 1,270, 
1,000, 730, 29^> 184. And if we suppose the 
densities to be in the inverse ratio of the distances. 
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they will be as 9,040, 1,160, 889f» 660, 210, 159. 
This last relation betwera their respective den- 
sities is pethaps more just than the former; be- 
cause it seems to be founded on the physical 
cause which must have produced the diflerence 
of density* in each planet. 

But have the condensations of the planets no 
relation to the quantity of solar heat they sus- 
tain? In that case, Saturn, which is at the 
greatest distance from the sun, would have suf- 
fered little or no condensation; and Jupiter 
would be condensed from 90H to 94i. Now, 
the sun’s heat in Jupiter being to his heat in the 
earth- as 14H to 400, their condensation ought 
to be in the same proportion. Thus, if Jupiter 
be condensed as 9044 to 94i., the earth, if it 
had been in the orbit of Jupiter, would have 
been condensed from 2064 to 215 t%t; but the 
earth being much nearer the sun, and receiving 
heat, in proportion to that of Jupiter, as 400 to 
1444, the quantity of condensation it would 
have undergone in the orbit of Jupiter must be 
multiplied by the proportion of 400 to 14-44, 
which will give nearly 2344 for the condensa- 
tion the earth must have received. The den- 
sity of the earth was 2064; by adding its ac- 
quired condensation, its actual density will be 
4004, Which is nearly the same with 400, its 
real density determined by the moon’s pandlax. 
With regard to the other planets, X pretend not 
to give exact proportions, but only approxtma-. 
tions, tending to show, that their densities have 
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a strong connexion with the celerity of theik* 
motions in their respective orbits. 

The comet, by falling obliquely on the sun» 
as mentioned above, must have forced off from 
bis surface a quantity of matter equal to a 6d0th 
part of his body. This matter, being in a 
liquid state, would at first form a torrent, of 
which tlie largest and rarest parts would fly to 
the greatest distances; the smaller and more 
dense, having received only an equal impulse, 
would rem^fh nearer the sun; his power of at- 
traction would operate upon all the parts de- 
tached from his body, and make them circulate 
round him ; and, at the same time, the mutual 
attraction of the particles' of matter W’ould cause 
all the detached parts to assume the form of 
globes, at different distances from the sun, the 
nearer moving with greater rapidity in their orbits 
than the more remote. 

But it may be objected, that, if the planets 
had been detached from the sun, they must 
have been burning and luminous, . not cold 
and opaque bodies; nothing can have less re- 
semblance to a globe of fire than a globe com- 
posed of earth and water; and, by comparison, 
the matter of the earth is totally different from 
that of the son. 

It may be replied to this objection, that the 
matter changed its form after its separation, and 
that the fire^ or light, was extinguished by the 
projectile motion communicated by the stroke. 
Beside^, may it not be supposed, that the gun, ov 
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a burning star, moving with a rapidity equal to 
that of the planets, would soon be extinguished} 
and that this may be the reason why all the lu- 
minous, or burning stars, are fixed, and without 
motion; and why those called new stars, which 
have probably cliangcd their stations, are fre- 
quently extinguished and disappear? To con- 
firm this remark, comets, when in their perihelia, 
ought to be inflamed even to their centre; but 
they never become hiininous stars; they only 
emit a burning vapour, a considerable portion 
of which they • leave behind them in their 
course. 

‘ In -a medium which has little resistanee, I 
aeknowledge, that fire may subsist, although the 
burning body be moved with great rapidity. It 
must likewise be acknowledged, that w'hat I 
have said applies only to those stars which dis- 
appear for ever, not to those that appear and 
disappear at stated intervals, without changing 
their situations in the heavens. Of these Mau- 
pertuis, in his discourse on the figure of the stars, 
has given a most satisfactory account. But those 
which have appeared, and then vanished for 
ever, must unquestionably have been extin- 
guished either by the quickness of their 
motion,* or some other cause. There is not 
n single example of a luminous star revolv- 
ing round another; and not one of the pls^ 
nets which revolve round the sun b,as any light 
in itself. 

Farther, fire, in small masses, cjinnat subsist 
so long as in large one^. The planets would 

yOL. I. C 
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burn a considerable time after they issued from 
the sun; but, at length, would extinguish for 
want of combustible matter. For the same rea- 
son, the sun itself will be' extinguished } but at 
a period as much beyond that which extinguished 
tlie planets, as the quantity of matter in the 
sun exceeds that of the planets. However this 
may be, the separation of the planets from the 
sun, by the shock of a comet, appears sufficient 
to account for their extinction. 

The earth antbplanets, when they issued from 
the sun, were totally composed of liquid fire; 
in which state they would continue no longer 
than the vidence of the heat that kept them in 
fusion. But this heat would gradually decay 
from the moment they left the sun. During 
their fluid state, they necessarily assumed cir- 
cular figures; and their diurnal motion would 
elevate their equators, and flatten their poles. I 
agree with M. Leibnitz*, that this figure corre- 
sponds so exactly with the laws of hydrostatics, 
that the earth and planets must necessarily have 
been ' once in a state of fluidity occasioned by 
fire; and, consequently, that the interior parts 
cS tlie earth must be composed of vitrified matter, 
of which sand, free-stone, granite, and perhaps 
clay, are fragments, or scorise. 

It is therefore extremely probable, that the 
planets were originally parts of the sun sepa- 
rated by a stroke which communicated to them 
a projectile motion; and that their difletent 

* Vid. Act. Erud. Lipj. an. 1692. 
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i)istances proceeded solely from the difference of 
their densities. To complete this theory, it only 
remains to account for the diurnal motion of 
the planets, and the ori^^ of their satellites; 
which, instead of adding fresh difficulties, (rill 
tend greafly to confirm my hypothesis : for rota- 
tion, or what is called diurnal motion, entirely 
depends on the obli((ftty of the stroke; att 
oblique impulse on the surface of a body neces- 
sarily gives it a rotatory motion. If the body 
which receives the impulse be homogeneous, the 
rotatory motion will always be equal and uni- 
form ; but it will be unequal, if the body con- 
sist of heterogeneous parts, or of parts different 
in density. Hence we may conclude, that the 
matter of each planet is homogeneous, because 
the diurnal motion of each is uniformly per- 
formed in the same time; and this circumstance 
is an additional proof, that portions of different 
densities were originally separated from the sun. 

But the obliquity of the stroke might be so 
great as to throw off small quantities of matter 
from the principal planet, which would neces- 
sarily move in the same direction. These parts, 
by mutual attraction, would reunite, according 
to their densities, at different distances from the 
planet, follow its course round the sun, and at 
the same time revolve about the body of the 
planet, nearly in the plane of its orbit. It is 
easy to perceive that the portions we mean are 
the satellites : thus the formation, position, and 
motion of the satellites correspond, in the most 
perfect manner, with our theory; for they all. 
ss 3 
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move in the same direction, and in conoentric 
circles round their principal planets, and nearly 
in the plane of their orbits. All these common 
effects, depending dll an impulsive force, must 
have proceeded from a common cause, which 
was a projectile force communicated tb them by 
the same oblique stroke. This account of the 
-motion and formation Hf the satellites will be 
strongly supported, if the other circumstances 
and phsenomena attending them be duly weighed. 
Those planets which are furnished with satel* 
Jites move quickest round thehr axes. The revo- 
lution of the earth is quicker than that of Mars, 
in the proportion nearly of 24 to 15; the earth 
has a satellite, and Mars has none; Jupiter, 
whose diurnal motion is 500 or 600 times more 
rapid than that of the earth, has four satellites; 
and it is extremely probable, that Saturn, who 
has five* satellites and a ring, revolves much 
more quickly than Jupiter. 

Wejmay even conjecture, with some proba- 
bility, that the plane of the equator of Saturn’s 
•ring is nearly the same with that of the planet; 
for, supposing, according to the preceding 
theory, the obliquity of the impulse which put 
Saturn in motion to have been very gt;eat, his 
diurnal motion would at first be in proportion to 
the excess of the centrifugal force above that of 
gravity, and, of course, a considerable quantity 
of matter would be thrown off from his equatorial 

* Seven saleWites, two having been added to the number, 
by the discoveries of Dr. Herschell, vis. the sixth in August, 
1787, and the seventh in September, 1788. W. 
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regions, and necessarily assume the figure of a 
ring, the plane of which vfeuld be nearly the 
same with that of his own equator. This quan- 
tity of matter detached from the equatorial re- 
gions of Saturn, must have flattened the equator 
of that pl&netj which is th^ reason why, not- 
withstanding the rapidity with which we have 
supposed him to revolve round his axis, the 
diameters of Saturn are not so unequal as those of 
Jupiter, which differ from each other more than 
an eleventh part. 

Though this theory of the formation of the 
planets and their satellites appears to be ex- 
tremely probable; yet, as every man has his own 
standard of estimating probabilities of this nature, 
and as this standard varies according to the 
different capacities of combining analogies more 
or less remote, 1 pretend not to convince those 
who are unwilling to believe. I have offered these 
ideas to the public, not only because 1 thought 
them rational, and calculated to unravel a sub- 
ject upon which, however important, nothing 
has hitherto been written ; but because the im- 
pulsive motion of the planets gives rise to num- 
berless phenomena in the universe, which admit 
not of ap explanation by gravity alone. To those 
who may be disposed to deny the possibility 
of my theory, I would propose the following 
queries : 

1. Is it not natnral to imagine, tl>at a moving 
body has recevved its motion from the impuXse oC 
some other body ? 

Si, When several bodies move in the samq 
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direction, is it not exceedingly probable, that 
they received thi# direction from a single 
stroke, or, at least, from strokes every way 
similar? 

3. When several bodies in motion have not 
only the same direction, but are placed in the 
same plane, is it not more natural to think that 
they received this direction and position from 
one impulse than from many ? 

4. Is it not probable, that a body put in mo* 
tion by impulse, should receive it in an oblique 
direction ; and, consequently, that it should be 
forced to move round its axis with a rapidity 
proportioned to the obliquity of the stroke ? If 
these queries be not unreasonable, the theory of 
which we have given a sketch will no longer 
have the appearance of absurdity. 

Let us now proceed to a more interesting 
object; let us examine the hgure of the earth, 
upon which so many inquiries and observations 
have been made. As it appears, from the equa- 
lity of the earth’s diurnal motion, and the uni- 
formity in the inclination of its axis, that it 
is composed of homogeneous parts, which mu- 
tually attract each other in proportion to their 
quantities of matter; if its impulsive, motion 
bad been communicated in a direction perpen- 
dicular to' its surface, it would necessarily have 
assumed the figure of a perfect sphere; but, 
having been struck obliquely, it moved round 
its axis at the instant it received its figure; and, 
from the combination of the projectile force 
and that of attraction, there resulted a spheroid 
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figure, more elevated at the equator than at the 
polesi because the centrifugal force, arising from 
the diurnal rotation of the earth, must diminish 
the action of gravity, or that power which makes 
all the parts tend to the centre. Thus the earth, 
being composed of homogeneous parts, and 
having been endowed with a rotatory motion, 
must necessarily have assumed a spheroidal 
figure, the two axes of which difier from each 
other by a 230th part. To show that this is the 
real figure of the ear!h, we need not have re- 
course to hypotheses 5 it is capable of the clearest 
demonstration. The law's of gravitation are 
well ■ know'n : that bodies attract each other 
directly as their quantities of matter, and in- 
versely as the squares of their distances, admits 
not of a doubt. It can as little be doubted, that 
the total action of any body is composed of all 
the particular actions of its parts. 

The parts of bodies are all mutually attracted 
in the above proportion; and all these attrac- 
tions, when the body has no rotation, necessa- 
rily produce a sphere, and a splieroid, when the 
body is endowed with a rotatory motion. TIvis 
spheroid is more or less flattened at the poles in 
proportion to the quj^ess of the diurnal motion; 
and the earth, in consequence of the celerity 
of its rotation, and the mutual attraction of 
its parts, has assumed the figure of a spheroid, 
of which the two axes are to one another as 229 
to 230. 

Thus the earth, at the time of its formation, 
from the original constitution and homogeneity 
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of its parts, and independent of every hypo- 
thesis derived from the direction of gravity, took 
the figure of a spheroid; and, from the known 
laws of mechanics, its equatorial diameter was 
necessarily elevated about six leagues and a half 
more than its poles. 

I shall dwell the longer on this article, be- 
cause there are some geometers, who, from a 
system of philosophy they have adopted, and 
from a supposed direction of gravity, still ima- 
gine that the figure of the earth depends upon 
theory. The first tiling to be demonstrated is 
the mutual attraction of the parts of matter; 
and the second, the homogeneity of the terres- 
trial globe. When these two facts are clearly 
proved, there will be no occasion to have re- 
course to any theory derived from the direction 
of gravity; because the earth’s figure, in this 
case, must necessarily be as Newton determined 
it; and all the other figures assigned to it, in 
consequence of vortexes, and other hypotheses, 
can have no existence. 

It will not be doubted, even by the most in- 
credulous, that the planets are retained in their 
orbits by the power of gravity. The satellites 
of Saturn gravitate towar(||^iat planet; those of 
Jupiter towards Jupiter; the moon gravitates 
towards the earth; and Saturn, JUpiter, Mars, 
the earth, Venus, and Mercury, gravitate to- 
wards the sun. In the same manner, Saturn, 
Jupiter, and the earth, gravitate towards their 
respective satellites, and the sun gravitates to- 
wards the whole planets. Gravitation is there- 
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fore a general law, by which the whole planetaiy 
system is mutually affected; for action cannot 
exist without re-action. This mutual attraction 
of the planets is the law which regulates all their 
motions; and its existence is demonstrated by 
its effects.* When Saturn and Jupiter are in con- 
junction, their mutual attraction produces an ir- 
regularity in their motion round the sun. The 
earth and the moon also mutually attract each 
other; but the irregularities in the moon’s mo- 
tion proceed principally from the attraction of 
the sun ; and hence the sun, the earth, and the 
moon, mutually act upon each other. Now, the 
reciprocal attraction of the planets, when the 
distances are equal, is proportioned to their quan- 
tities of matter; and the same power of gravity, 
which makes heavy bodies fall to the earth,' 
and which extends as far as the moon, is like- 
wise in proportion to the quantity of matter: 
the total gravity of a planet, therefore, is com- 
posed of the gravity of all its parts: hence all 
the parts of matter, whether in the earth or pla- 
nets, mutually attract each other ; and, of course, 
the rotation of the earth round its axis must 
necessarily have bestowed on it the figure of a 
spheroid, the axes of' which are as 329 to 230. 
But the direction of gravity must be perpendicular 
to the earth’s surface ; and, consequently, unless 
the general and mutual attraction of the parts of 
matter be denied, no hypothesis tlerived from 
the direction of gravity can have any solid foun- 
dation. But this mutual attraction, as we have 
seen, is demonstrated by actual observation; 
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and the experiments made by pendulums prove 
its universal extension. No hypothesis, there- 
fore, founded on the direction of gravity, can be 
admitted, without contradicting both reason and 
experience. 

Let us now examine whether the parts com- 
posing the terrestrial globe be homogeneous. I 
acknowledge, that, if the globe be supposed to 
consist of parts differing in density, the direction . 
of gravity would be different from that we have 
assigned, and that the earth’s figure would vary 
according to the different suppositions which 
might be made concerning the direction of 
gravity. But, why make suppositions of this 
kind ? Why, for example, do we suppose the 
parts near the centre to be more dense than those 
more distant from it ? Are not all the particles 
which compose the globe united by their mutual 
attraction ? Every particle, therefore, is a centre} 
and there is no reason to believe that the parts 
which surround the centre are denser than those 
which surround any other point. Besides, if any 
considerable part of the earth were more dense 
than another, the axis of rotation would ap- 
proach nearer that part, and create an inequality 
in the diurnal revolution of the globe : it would 
produce an inequality in the apparent motion of 
the fixed stars } they would appear to move more 
quickly or slowly in the zenith or horizon, ac- 
cording as wc liappened to be situated on the 
heavy or light parts of the earth ; and the axis 
of the globe, not passing through its centre of 
gravity, would make a perceptible change in its 
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position. But nothing of this kind ever takes 
place. On the contrary, the diurnal revolution 
of the earth is equal and uniform. At every 
point of the earth’s surface, the stars appear to 
move with the same quickness ; and, if there be 
any nutation in its axis, it is too inconsiderable 
to attract observation. Hence it may be con- 
cluded, that all the parts of the globe are at least 
nearly homogeneous. 

Jf the earth were hollow, the crust of which, 
for example, exceeded not three leagues in 
thickness, it would give rise to the following 
phsenomena. 1. The mountains would bear so 
great a proportion to the total thickness of the 
crust, that vast irregularities in the earth’s mo- 
tion would be occasioned by the attraction of 
the moon and of the sun : when the moon was 
in the meridian of the more elevated parts, as 
the CordelierSj her attraction upon the whole 
globe would be much greater than when she 
was in the meridian of the lower parts. 2. The 
comparative attraction of the mountains would 
be greatly increased ; and the experiments made 
on Mount Chimboraco, in Peru, would have 
given more degrees in the deviation of the plumb- 
line than they actually gave seconds. 3. The 
weight of bodies would be greater on the tops 
of mountains than in the plains ; and men would 
find themselves more weighty, and would walk 
with more difficulty, in high than ip low grounds. 
These observations, and many others which 
might be made, should convince us, that the in- 
terior parts of the earth are not hollow, but that 
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they are composed of matter of a considerable 
density. 

If, on the other hand, the earth, at the depth 
of two or three leagues, consisted of matter 
much denser than that we are acquainted with, 
upon descending even into ordinary* pits, we 
should find ourselves considerably heavier ; and 
the motion of pendulums would there be more 
accelerated than they actuall}’^ are when brought 
down from a hill to a plain. Hence we may 
presume that the interior parts of the earth con- 
sist of matter nearly similar to that on its sur- 
face. Of this, we will be still farther convinced, 
if we consider that the earth, at the time of its 
original formation, when it assumed its present 
spheroidal figure, was in a state of fusion, and, 
consequently, that all its parts were homogene- 
ous, and nearly of equal density. The matter on 
the surface, though originally the same with that 
of the interior parts, has, in the revolutions of 
time, undergone many changes from external 
causes j and to these are to be ascribed the pro- 
duction of materials so dilferent in their densi- 
ties. But it ought to be remarked, that the 
densest bodies, as gold, and other metals, are 
most rarely to be met with ; and, consequently, 
that the greatest quantity of materials, at the 
surface, have suffered little alteration with re- 
gard to density. The most common materials-, 
indeed, as sand and clay, differ so little in den- 
sity, that we may conjecture, with much proba- 
bility, the internal parts of the earth to consist 
of a vitrified matter, the. density of which bi 
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that the whole globe may be considered as one 
hoinogeneons mass. 

But, it may be said, that, though the esurtb 
were composed of concentric beds, of different 
densities, the equality of its diurnal motion, and 
the uniform inclination of its axis, would re- 
main equally undisturbed, as upon the supposi- 
tion of its consisting wholly of homogeneous 
matter. This I allow ; but I demand, at the 
same time, whether there be any reason for be- 
lieving that these beds of different densities 
really exist? Whether this method of solving 
difficulties be not an attempt to adjust the works 
of nature to our own imaginations ? And whe- 
ther suppositions, neither founded on observation 
nor analogy, ought to find admittance into phy- 
sical reasoning ? 

Hence it is apparent, that the earth received 
its spheroidal figure in consequence of its diurnal 
motion and the mutual attraction of its parts; 
that this figure necessarily resulted from the 
globe’s being in a liquid state ; that, according 
to the laws of gravity and of a centrifugal force, 
it could not possibly assume any other figure ; 
that, at the moment of its formation, the differ- 
ence between its two diameters was, as at pre- 
sent, equal to a 230th part ; and, of course, that 
all other hypotheses, which make this difference 
greater or less, are mere fictions, and deserve no 
attention. 

Perhaps it may be objected, that, if this theoiy 
be well founded, and if the proportion of the 



94 OF THE FORMATION 

axes of the two diameters be as S29 to 350, 
how came the mathematicians sent to Lapland 
and Peru to concur in making it as 174 to 175 ? 
Why should such a difference subsist between 
practice and theory ? And, is it not more rea- 
sonable to give the preference to actual measure- 
ment, especially when executed by the ablest 
mathematicians in Europe *, and furnished with 
all the necessary apparatus ? 

To this I reply, that I mean not to combat 
the observations made at the equator, and near 
the poles ; that 1 doubt not of their exactness > 
and that the earth may actually be elevated a 
175th part more at the equator than at the poles. 
Still, however, I maintain my theory; and I 
perceive clearly how it may be reconciled to 
practice. The difference between the two con- 
clusions is about four leagues in the two axes. 
The equatorial regions are found to have an ele- 
vation of two leagues more than they ought to 
have by the theory. This height of two leagues 
corresponds exactly with the greatest inequalities 
which have been produced on the surface of the 
globe by the motion of the sea and the action 
of fluids. Here some illustration is necessary. 
At the time of the earth’s formation, ip conse- 
quence of the mutual attraction of its parts, and 
of its centrifugal force, it must have assumed a 
spheroidal figure, 'with its axes different by a 
S30th part. * This would be the real figure of 
the earth while it remained in a state of lique- 


• M. de Mauperton, Figure de la Terrei 
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faction. But, after cooling for some time, the 
rariBed vapours, like those in the tail or atmo* 
sphere of a comet, would condense, and fall on 
the surface in the form of air and water; and, 
when these waters begin to be agitated by a flux 
and reflu*, sand, and other bodies, would be 
gradually transported from the poles towards 
the equatorial parts. This operation, when con- 
tinued for some time, would necessarily sink the 
poles, and elevate the equator in the same pro- 
portion. The surface of the earth being like- 
wise exposed to the winds, to the action of ' the 
air and of the sun ; all these causes would con- 
cur -with the tides in furrowing the earth, in 
scooping out valleys, in elevating the mountains, 
and in producing other superficial irregularities, 
none of which, perhaps, exceed a league in 
thickness, even at the equator. This inequality 
of two leagues may be supposed to be the greatest 
that can take place on the surface^ for the 
highest mountains exceed not a league in height ; 
and the most profound parts of the ocean, it is 
probable, are not above a league in depth. Thus 
my theory perfectly coincides with practice. 
The earth’s equator could not, at first, be ele- 
vated oiore than six leagues and a half above the 
pole-s; but the changes produced on the -surface 
might give it a still greater elevation. Natural 
history wonderfully supports this opinion ; for, 
in the preceding discourse, we "liave proved, 
that, from the tides and other motions of the 
waters, have proceeded mountains, and all the 
other inequalities on the surface of the globe; 
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and that, at great depths, as well as upon the 
greatest heights, bones, shells, and other relics of 
sea and land animals, have been discovered. 

From what has been observed, it may be con- 
jectured, that, in order to find primitive earth, 
and substances which have never been removed 
from their original stations, we must dig in 
countries near the poles, where the bed of un- 
moved earth will be thinner than in southern 
climates. . 

In fine, if the measurement by which the 
figure of the earth was determined be strictly 
scrutinized, we shall find that it is not altogether 
free from hypothetical reasoning: for it pro- 
ceeded on the supposition that the earth was a 
regular curve : but, as the earth is liable to con- 
siderable and constant changes from a thousand 
causes, it is impossible that it could have retained 
any perfectly regular figure ; and hence, agree- 
able to our theory, and the opinion of Uewton, 
the poles might originally be only flattened a 
330th part. Besides, though we have the exact 
length of a degree at the equator and polar 
cirple, yet we have not the exact length of a 
degree in France; and the measures of M. Pi- 
card have never been confirmed. It may be 
added, that the diminution and increase 'in the 
motion of the pendulum agree not with the con- 
clusions drawn frorp measurement ; and that, on 
the contrary^ they correspond very nearly with 
the theory of Newton. These circumstances tend 
farther to convince us, that the poles are not de- 
pressed above a 330th part; and that, if there 



OF PLANETS. 


97 

be any difference, it can proceed from nothing 
but the inequalities produced on. the surface by 
the waters, and other external causes. But these 
inequalities are by no means so regular as to 
justify any hypothesis, which supposes the meri- 
dians to bq ellipses, or any other perfect curves. 
Hence it appears, that, though many degrees 
should be successively measured in different re- 
gions, we cannot, by that alone, ascertain the 
exqpt depression of the pole.s, nor determine how 
much it exceeds or falls short of a 230th part. 

May we not likewise conjecture, that, if the 
inclination of the earth’s axis has been changed, 
this effect could not be produced but by the 
changes on the surface, since all the other parts 
are homogeneous; that this variation is, of 
course, too small to be perceived by astrono- 
mers ; and that, if the earth be not disturbed by 
a comet, or some other external cause, its axis 
will for ever preserve its present and original in- 
clination ? 

Not to omit any conjecture that seems reason- 
able, may we not suppose, that, as the moun- 
tains and other inequalities on the surface of 
the earth, have originated from the action of 
the tides, those which we perceive in the moon 
have been produced by a similar cause ? The 
mountains of the moon are indeed higher than 
those of the earth; but her tides are likewise 
stronger ; because the earth, the size of which is 
much larger, raises the tides of the moon with 
a superior force. This effect would be greatly 
augmented, if the moon, like the earth, had a 
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quick diurnal motion. But, as the moon uni- 
formly presents the same face to tlie earth, the 
tides are raised only in proportion to the mo- 
tion occasioned by her librations, which alter- 
nately expose to our view a small segment of 
her other hemisphere. This cause/ however, 
must produce tides very dificrent from those of 
our seasj and their effects will, of course, be 
much less considerable, than if the moon had 
possessed a diurnal revolution round her axis, 
equally quick as the rotation of the earth. 

I should compose a volume equal to that of 
Burnet or Whiston, were I to extend the ideas 
presented by the above theory; and were I, in 
imitation of the last-mentioned author, to clothe 
them in a geometrical dress, I might add consi- 
derably to their importance. But I have always 
thought, that hypotheses, however probable, de- 
serve not to be treated so pompously. It is apt to 
give them the air of quackery and imposition. 
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Of the Si/stem of Whiston *. 

This author begins his theory with a diS* 
sertation on the creation of the world. He 
alleges that the account given of it by Moses 
is not properly understood j and that, in in- 
quiries of this kind, men, contenting them- 
selves with the most evident and superficial 
views, give too little of their attention to na- 
ture, reason, and philosophy. The common 
notions, he observes, concerning the six days' 
work, are false ; and the description of Moses 
is not an exact or philosophic account of the 
creation and origin of the universe, but only 
an historical narrative of the formation of the 
terrestrial globe. The earti), in his estimation, 
formerly existed in chaos, hnd, at the time 
mentioned by Moses, it only received a form. 


* See a new Theory of the 
.London, no«. 
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situation, and consistence, necessary for the 
habitation of mankind. I shall not give a 
detail of "Whiston’s proofs, »xor enter upon a 
formal refutation of them, but content myself 
with a short view of his theory, which will 
show it to be contrary to the scriptures, and, 
of course, that his proofs must be false. Be- 
sides, he treats this matter more like a polemi- 
cal divine than a philosopher. 

Leaving these false principles, he proceeds 
to some ingenious notions, which, though 
singular, will not, to those who are influenced 
by the enthusiasm of system, appear to be 
destitute of probability. Ide tells ns, that the 
ancient chaos, from which the earth m'igi- 
nated, was the atmosphere of a comet ; that the 
annual motion of the earth began when it re- 
ceived its new form ; but that its diurnal mo- 
tion commenced not till the fall of Adam; 
that the ecliptic cut the tropic of Cancer in 
a point precisely opposite to Paradise, which 
was situated on the north-west frontier of As- 
syria; that, before the deluge, the year began 
at the autumnal equinox, and that the orbits 
of the earth and planets were then perfect 
circles; that the deluge commenced on the 
18th of November, in the year of the Julian 
period 2365, or 2349 before Christ; that, 
previous to the deluge, the solar and luqar 
year were the same, and consisted exactly of 
360 days; that a comet, descending in the 
plane of the ecliptic to its perihelion, on the 
very day that the deluge began, made a npar 
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a}*proach to the earth j that there is a great 
heat iu tlie bowels of the earth, which is con- 
stantly expanding from the centre to the cir- 
cumference; that the figure of the earth re- 
sembles au egg; that the mountains are the 
lightest parts of the globe, &c. He then at- 
h'ibutes to the deluge all the changes the earth 
has undergone, blindly adopts Woodward’s 
theory, uses indiscriminately all that author’s 
remarks on the present state of the earth ; but 
assumes more the air of an original, when he 
treats of its future condition. The earth, says 
Mr. Whiston, will be consumed by fire; and 
Its destruction will be preceded by earthquakes^ 
thunder, and hideous meteors; the sun and 
moon will assume a dreadful aspect; the hea- 
vens will seem to fall; and the whole earth 
will be in flames. But, after the fire shall have 
devoured every impurity of tliis globe, and vi- 
trified and rendered it transparent as the purest 
crystal, the saints and spirits of the blessed 
shall take possession of it, and there remain 
till the general judgment. 

'I'his hypothesis appears, at first view, to be 
extravagant and fantastical. But the author 
has mmiaged his ideas with such dexterit}’-, 
and placed them in so strong a light, that they 
no longer have the air of absolute chimeras. 
He has adorned his subject with much science 
and ingenuity: and it is astonishing, that, 
from such a medley of strange notions, he 
should have been able to compose a system so 
plausible. But it is not to the vulgar that it 
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'has this brilliant appearance; the learned are 
naore easily deceived by the glare of erudition 
and the force of new ideas. Mr. Whiston was 
a celebrated astronomer. Accustomed to con- 
template the heavens, to measure the motions 
of the stars, and to consider the great pbaeno- 
roena of nature, he could never imagine that 
this grain of sand, which we inhabit, occupied 
more the attention of its Creator than the uni- 
verse, which contains, in the vast regions* of 
space, millions of otner suns and other worlds. 
He alleges, that Moses has not given us the 
history of the first creation of this globe, but 
only a detail of those circumstances which at- 
tended its receiving a form fit for the habita- 
tion of men, when the Almighty transformed 
it from the state of a comet to that of a planet. 
Comets, owing to the eccentricity of their orbits, 
are subject to dreadful vicissitudes: sometimes, 
like that of 1680, they are a thousand times 
hotter than melted iron, and sometimes a 
thousand times colder than ice: they cannot, 
therefore, furnish habitation to any creatures 
of which we can form a conception ; or rather, 
they are altogether uninhabitable. 

The planets, on the contrary, are franquil 
bodies; their distances from the sun vary but 
little ; and their temperature continues so nearly 
the same, that it {lermits plants and animals to 
grow and to' multiply. 

In the beginning, says Mr. Whiston, God 
created the universe ; but the earth was then an 
uninhabitable comet, and subject to such alter- 
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nate extremes of cold and heat, that its matter, 
being sometimes liquihed and sometimes frozen, 
was in the form of cliaos, or an abyss, sur- 
rounded with utter darkness : and darkness co- 
vered the face of the deep. Tl>is chaos was the 
atmospliere of the comet, a body composed of 
heterogeneous materials, having its centre oc- 
cupied with a globular, solid, hot nucleus, of 
about 2,000 leagues in diameter, round which 
was an extensive mass of a thick fluid, mixed 
with heterogeneous and undigested materials, 
like the chaos of the ancientS, I'udis indiges- 
taque moles. This great atmosphere contained 
few- dry, solid, or earthy particles, and still less 
of water or air; but it was amply filled with 
thick and heavy fluids, mixed, agitated, and 
jumbled together in the utmost confusion. Such 
was the condition of the earth when six days 
old : but, next day, that is, on the first day of 
the creation, when the eccentric orbit of the 
comet was changed into an ellipse, nearly cir- 
cular, every thing assumed its proper place; 
the different materials arranged themselves ac- 
cording to their specific gravities; the heavy 
fluids sunk down, and left to the earthy, 
watery, and aerial substances, the superior re- 
gions. These also descended in the order of 
their gravities ; first the earth, then the water, 
and, lastly, the air. In this manner, the im- 
mense volume of chaos was reduced to a mode- 
rate sphere, the centre of which is a solid body, 
that still retains the heat it received from the 
sun, when formerly the nucleus of a comet. 
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This heat may easily last 6,000 years, since the 
comet 1680 would require 50,000 before it 
cooled. Round the solid and burning nucleus, 
at the centre of the earth, is placed the heavy 
fluid which descended first, and formed the 
great abyss, upon which the earth "floats like 
a cork on quicksilver. But as the earthy 
parts were originally mixed with a great body 
of water, they, in descending, drove before them 
a part of this water, which was coniined there 
when the earth consolidated, and formed a 
stratum concentric with the heavy fluid that 
surrounds the nucleus. Thus, the great abyss 
is composed of two concentric circles, the in- 
terior being a heavy fluid, and the superior 
water, upon whioh last the earth is immedi- 
ately founded. From this admirable arrange- 
ment, produced by the atmosphere of a comet, 
are to be deduced the theory of the earth, and 
an explication of all its pbienomena ! 

After the atmosphere of the comet had been 
freed from the solid and earthy particles, a pure 
air only remained, through which the rays of 
the sun instantly penetrated, and produced 
light: JjEt there be light i and there was light. 
The vast columns or beds of which the earth is 
composed, being formed with so much precipi- 
tation, is the reason why they differ so much in 
density ; the heavier sunk deeper into the abyss 
than the lighter, and, of course, gave rise to 
mountains and valleys; these inequalities, be- 
fore the deluge, were differently situated from 
what they are at present. Instead of that vast 
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valley which contains the ocean, many small 
caverns were dispersed over the globe, each of 
which contained a part of the waters. The 
mountains were then at greater distances, and 
formed not large chains. But the earth was a 
thousand »times more fertile, and contained a 
thousand times more inhabitants; and the life 
of man, and of the other animals, was ten times 
longer. All these effects were produced by 
the superior heat of the central fire, which gave 
birth to a greater number of plants and animals, 
and, at the same time, bestowed on them a 
degree of vigour that enabled them to exist 
long, and to multiply abundantly. But this 
beat had a miserable effect upon the dispositions 
of men and other animals: it augmented the 
passions, robbed man of his innocence, and 
diminished the sagacity of the brute creation. 
All creatures, except the fishes, who inhabited 
a colder element, felt the influence of the central 
beat, became vicious, and merited death. This 
universal death was accordingly inflicted, on 
Wednesday the 28th day of November, by a 
dreadful deluge, which lasted forty days and 
forty nights, and was occasioned by the tail of 
a comet meeting with the earth, in returning 
from its perihelion. 

The tail of a comet is the lightest part of its 
atmosphere. It is a transpasent and subtile va« 
pour, raised by the heat of the sun from the 
body of the comet. This vapour, which is 
composed of aerial and watery particles ex- 
tremely rarified, follows the comet in its descent 
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to its perihelion, and goes before the comet in 
its ascent, its situation being always opposite 
to the sun, as if it had an affection for the shade, 
and wished to avoid the scorching rays of the sun. 
This column of vapour is often of an immense 
extent j and its length always increases in pro- 
portion as the comet approaches nearer the sun. 
Now, as many comets descend below the annual 
orbit of the earth, it is not surprising that the 
earth should sometimes be involved in this va- 
pour. This dreadful event happened at the time 
of the deluge. The tail of a comet, in two 
hours, will discharge a quantity of water equal 
to that contained in the w'hole ocean. In fine, 
this tail is what Moses calls the cataracts of 
heaven : and the cataracts of heaven zvere opened^ 
The globe of the earth, when it meets with a 
comet’s tail, must necessarily, in its passage 
through this body of vapour, appropriate part 
of its materials. Every thing that comes within 
the sphere of the earth's attraction must fall 
upon it, and must fall in the form of vapour, 
since the tail itself principally consists of that 
element. In this manner, rain may come from 
the heavens in such torrents, as to produce an 
universal deluge, and to surmount the tops of the 
highest mountains. 

Our author, how’ever, unw'illing to go beyond 
the letter of the sacred writings, does not ascribe 
the deluge to this rain alone, which he has chosen 
to bring from so great a distance. lie takes 
advantage of water wherever he can find it: 
the great abyss, as we have seen, contains a 
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considerable quantity. The earth, in its approach 
towards the comet, would feel the force of it* 
attraction ; the waters in the great abyss would 
be so agitated with a motion similar to that of 
the tides, as would necessarily break the shell or 
crust in nnany places, and make the water rush 
out upon the surface; and the fountains of the 
abyss were opened. 

But how, it may be asked, was this vast col< 
lection of water, so liberally furnished by the 
great abyss, and by the comet’s tail, afterwards 
disposed of? Our author is not embarrassed by 
this circumstance. As soon as the earth escaped 
from the comet, the flux and reflux of the great 
abyss necessarily ceased. From that moment 
the waters on the surface rushed down with vio- 
lence by the same channels out of which they 
had issued. The great abyss swallowed up not 
only its own water, but all that had been depo- 
sited by the comet, which it was sufiiciently en- 
abled to contain; because, during its agitation, 
and when it broke the crust, it had greatly en- 
larged its dimensions, by pushing the earth far- 
ther from it on all sides. It was at this timet 
likewise, tliat the earth, which was ibrtnerly a 
sphere, assumed its elliptical figure. This effect 
was produced by the centrifugal force occasioned 
by the diurnal motion of tlie earth, and by 
the attraction of the comet; for the earth, when 
passing through the tail of the o^met, was so 
situated, that its equatorial parts were nepi’pst 
that star; and, of course, the power of the comet’s 
attraction, concurring with the earth’s ceqtri- 
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fugal force, elevated the equatorial regions with 
the greater facility, because the crust was broken 
in an infinite number of places, and because the 
flux and reflux of the abyss pushed more vio- 
lently against the equator than any vvliere else. 

This is the history Mr. Whiston gives of the 
creation, of the causes of the universal deluge, 
of the longevity of the Antedeluvians, and of 
the figure of the earth. All these difficult sub- 
jects seem to have given our author very little 
trouble. But he appears to be greatly puzzled 
concerning Noah’s ark. In that dreadful confu- 
sion, produced by the conjunction of the tail of 
a comet, and by the waters of the great abyss, 
and in that horrible period, when not only the 
elements of this globe were confounded, but 
when the heavens concurred with the bowels of 
the earth in producing new elements to increase 
the chaos, bow is it to be imagined that the ark 
could float tranquilly, with its numerous and var 
luable cargo, upon the surface of the waves? 
Here our author struggles bard, in order to ac- 
count for the preservation of the ark. But^ as 
his reasoning upon this subject appears to be in- 
conclusive, ill imagined, and heterodox, I shall 
only observe, bow hard it is for a man, who had 
explained objects so great and surprising^ with- 
out having recourse to a supernatural power, to 
be stopped in his career by a trifling circum- 
stance. .But, he chooses to risk drowning him- 
self along with the ark, rather than to ascribe 
the preservation of this precious vessel to the in-, 
terposition of the Almighty ! 
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I shall only make a single remark upon this 
system, of which I have given a faithful abridge- 
ment. Whenever men are so presumptuous as 
to attempt a physical explanation of theological 
truths; whenever they allow themselves to in- 
terpret the sacred text by views purely human; 
whenever they reason concerning the will of the 
Deity, and the execution of his decrees; they 
must necessarily involve themselves in obscurity, 
and tumble into a chaos of confusion, like the 
author of this whimsical system, which, notwith- 
standing all its absurdities, has been received 
with great applause. Mr. Winston neither 
doubted of the truth of the deluge, nor of the au- 
thenticity of the sacred writings, but, as physics 
and astronomy occupied his principal attention, 
he mistook passages of holy writ for physical 
facts, and for results of astronomical observa- 
tions; and so strangely jumbled divinity with 
human science, that he has given birth to the 
most extraordinary system that perhaps ever did 
or ever will appear. 
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ARTICLE III. 

Of Burnet's Theory *. 

Mr. BURNET is the first author who dis- 
covered enlarged views of the present subject, 
and who treated of it in a systematic manner. 
He was a man of genius and of taste : his work 
acquired great reputation, and was of course, 
criticised by many of the learuecl, and, among 
others, by Mr. Keill, who, scrutinizing the sub- 
ject as a geometer, demonstrated the errors of 
Burnet’s theory in a treatise entitled. An Exa- 
mination of the Theory of the Earth. Mr. Keill 
likewise refuted the system of Whiston ; but he 
treated the latter in a manner very different 
from the former. He even appears, in many 
particulars, to adopt the opinions of Whiston j 
and considers the notion, that the deluge was 

* Thomas Burnet Telluris theoria sacra, orbis nostri ori- 
ginem et mutationes genera)es, quas aut jam subiit, aul olim 
subitarus est, cornplectens. Londini, ICSt. 
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occasioned by the tail of a comet as exceedingly 
I>robable. But, to return to Burnet: his book 
is written with elegance. He knows how to 
])aint the grandest images and the must magnU 
ticent scenes. His plan is elevated ; but, being 
defective jn proper materials, he often fails in 
the execution. His reasonings and his proofs 
are feeble; but the boldness with which he 
writes makes the reader lose sight of all his im- 
per,fcctions. 

He begins with alleging, that the earth, be- 
fore the deluge, was very different from what 
it is now. It was at first, says he, a fluid mass, 
composed of matters of every species, and of all 
kinds of figures, the heaviest of which descended 
to the centre, and formed a hard and solid 
body. The waters took their station round this 
body; and all lighter fluids rose above the water. 
Thus, between the coat of air, and that of water, 
a coat of oily matter was interposed. But, as 
the air was then full of impurities, and contained 
great (piantities of earthy particles, these gra- 
dually subsided upon the coat or stratum of oil, 
and formed a crust composed of earth and oil: 
this crust was the first habitable part of the earth, , 
and the first abode of man and other animals. 
The Ja'nd thus formed was light, fat, and 
adapted to cherish the tenderness of the ori- 
ginal germs. The surface of the earth was levd 
and uniform, without mountains, seas, or other 
inequalities. But it remained in this state about 
sixteen centuries only; for the heat of the sun 
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gradually drying the crust, produced, at firsts 
superficial fissures or cracks only; but, in pro- 
cess of time, these fissures penetrated deeper, and 
increased so much in their dimensions, that, at 
last, they entirely perforated the crust. In an 
instant, the whole earth split in pieces, and fell 
into the great abyss of waters which it formerly 
surrounded. This wonderful event was the uni- 
versal deluge. 

But all these masses of earth, in falling into 
the abyss, carried along with them vast quanti- 
ties of air, and they dashed against each other, 
and accumulated and divided so irregularly, that 
great cavities filled with air were left between 
them. The waters gradually opened passages 
into these cavities, and, in proportion as the ca- 
vities were filled with the water, the surface of 
the earth began to discover itself in the most 
elevated places; and, at last, the waters apj^eared 
no where but in those extensive valleys which 
contain the ocean. Thus our ocean is a part of 
the ancient abyss; the rest of it remains in the 
internal cavities, with which the sea has still a 
communication. Islands and sea rocks are the 
small fragments, and continents arc the large, 
masses of the ancient crust. As both the rupture 
and fall of this crust were effected in a 'sudden 
and confused manner, it is not surprising that 
the surface of the present earth should be full of 
mountains, gulfs, plains, and irregularities of 
every kind. 

This specimen is sufficient to give an idea of 
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Burnet’s system. It is an elegant romance, a 
book which may be read for amusement, but 
cannot convey any instruction. The author was 
ignorant of the chief phenomena of the earth, 
and a man of no observation. He has drawn 
every thing from itpagination, which often acts 
both against truth and reason. 
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ARTICLE IV. 

Of the System of Woodward*. 

Of this author it may be said, that he wanted 
to build an immense edifice upon a foundation 
less firm than sand, and to construct a world 
with dust; for, he asserts that the earth at the 
time of the deluge suffered a total dissolution. 
In perusing his book, the first idea which pre- 
sents itself is, that this dissolution was eftectcd by 
the waters of the great abyss. He alleges, tliat, 
at the command of God, the abyss suddenly 
opened, and diffused such an enormous quantity 
of water on the surface, as was sufficient to cover 
the tops of the highest mountains; and tfiat God 
suspended the law of cohesion, which instantly 
reduced every solid substance into a powder, &c. 
He did not consider, that, by these suppositions, 
he added to the miracle of the universal deluge- 

* An Essay towards the Natural History of the Earth, by 
John Woodward. 
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many other miracles, or, at least, physical im- 
possibilities, which accord neither with the scrip- 
tures, nor with the principles of mathematics 
and of natural philosophy. But as this author 
has the merit of collecting many important ob- 
servations,* and as he knew better than any 
former writer the materials of which the globe is 
composed, his system, though ill conceived and 
worse arranged, has seduced, by the lustre of a 
few* striking facts, many weak men into a belief 
of his general conclusions. 

We shall now give a short view of his theory, 
by which we will be enabled to do justice to 
the merit of the author, and put the reader in. 
a condition to judge of the futility of his system, 
and of the falsehood of some of his remarks. 
Mr. Woodward informs us, that he recognised 
with his own eyes all the materials of which 
the earth in England is composed, from the sur- 
face to the greatest depths that had been dug; 
that they were all disposed in beds, or strata; 
and that, in many of these beds, there are shells 
and other productions of the sea. He then 
adds, tViat he was assured by his friends and cor- 
respondents, that in all the other countries of the 
w’orld, the earth was composed of the same ma- 
terials; ‘and that shells are found, not only in the 
plains, and in some particular parts, but on the 
highest mountains, in the deepest pits, and in an 
infinite number of difterent places. He observed, 
that the beds were all horizontal, and placed 
over each other, like matters transported by the 
waters, and deposited in the form of sediment. 

1 2 
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These general remarks, which are founded in 
truth, are followed with some particular obser- 
vations, by which he demonstrates, that the 
fossil shells incorporated with the strata are real 
sea shells, and not peculiar minerals, or liisuf 
natura, &c. 

To these observations, though partly made 
before him, he has added others of a more 
suspicious nature, lie asserts, that the mate- 
rials of the dillerent strata are airanged according 
to their specific gravities. This assertion is not 
consistent with truth: for we every day see 
solid rocks placed above clay, sand, pit coal, bi- 
tumen, and other comparatively light bodies. 
If, indeed, it were uniformly found, through 
the whole earth, tl>at the upper stratum was bi- 
tumen, followed successively by strata of chalk, 
marl, clay, sand, stone, marble, and metals; it 
would, in that case, be probable that all those 
materials had been precipitated at once: and 
this our author affirms with confidence, though 
the most superficial observer needs only his eyes 
to convince him, that heavy strata are often 
found above light ones; and, consequently, that 
these sediments could not be deposited at the 
same time, but must have been transported and 
deposited by the ocean at successive periods. As 
this is the foundation of Woodward’s system, 
and is manifestly false, we shall follow him no 
farther than to show how an erroneous principle 
produces false relations and bad conclusions. 

All the strata which compose the earth, says 
our author, from the tops of . the highest muun- 
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tains to the deepest mines, are placed according 
to their respective specific gravities. Hence, he 
concludes, the whole must have been in a state 
of dissolution, and precipitated at the same time. 
But at what time, in what menstruum, was it 
dissolved? * In the water, says Mr. Woodward, 
and at tlie time of the deluge. But there is not 
water enough on the globe to. produce this effect; 
for there is more earth than water; and the 
bottom of the sea itself is earth. Very well, he 
replies: but there is enough of water in the cen- 
tral parts of the earth; and nothing more was 
‘wanting than to bestow on it the power of dis- 
solving every terrestrial substance, except sea 
shells; to find a proper method of making the 
waters return to the abyss; and to make all 
this correspond with the history of the deluge. 
Behold a system, of which the author could 
not prevail on himself to form a doubt ; for, when 
it was objected to him, that water could not dis- 
solve water, rocks, and metals, especially in 
forty days, the time of the waters remaining on 
the earth; he replied simply, that the event, 
however, did happen. When it was demanded 
of him, how the waters of the abyss could dissolve 
the whole earth, and yet preserve the shells? 
He answered, that he never proved that this 
water was a dissolvent; but that, from facts, it 
was clear that the earth had been dissolved, and 
that the shells were preserved. Lastly, when it 
was demonstrated to him, that his system was 
useless, as it was meither supported by reason nor 
by facts, he said, we had only to suppose that. 



*118 OF woodward’s, &C. 

at the time of the deluge, the laws of gravity and 
of cohesion vveie suddenly stopped, and, upon 
this supposition, the dissolution of the ancient 
world admitted of an easy explanation. But, it 
was observed to him, if the force of cohesion 
was suspended, why were not the shells dissolved 
along with the rest? Here he gave a harangue 
on the organization of shells and of animal bones, 
tending to prove that their texture was fibrous, 
and different from that of minerals; that their 
cohesion was likewise ditferent; and that, after 
all, we have only to sujipose that the powers of 
gravity and of cohesion did not entirely cease, 
but that they were diminished to such a degree, 
as enabled them to dissolve the parts of minerals, 
but not those of animals. I shall conclude with 
remarking, that our author’s philosophy was not 
equal to his talent for observation ; it is therefore 
unnecessary to give a formal refutation of absurd 
notions, especially when they proceed upon con- 
jectures which are contrary both to the laws of 
probability and of mechanics^ 
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ARTICLE V. 

Examination of some other Systems. 

The three hypotheses formerly animadverted 
upon have many things in common : they all 
agree in this, that, at the time of the deluge, 
both the external and internal form of the 
earth was changed. But none of these the- 
orists considered that the earth, before the de- 
luge, was inhabited by the same species of men 
and animals; and, consequently, that it must have 
been nearly the same, both in figure and structure, 
as it is at present. We are informed by the sacred 
writings, that, before the deluge, there were 
rivers, seas, mountains, and forests; that most of 
these fnountains and rivers remained nearly in 
their former situation ; the Tigris and Euphrates, 
for example, ran through Paradise ; that the Ar- 
menian mountain on which the ark rested, was, 
at the deluge, one of the highest mountains of 
the earth, as it is at this day ; and that the same 
plants and the same animals, which inhabited the 
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earth before the deluge, continue still to exist ; 
for we are told of the serpent, of the crow, and 
of the pigeon that carried the olive-branch into 
the ark. Tournefort indeed alleges, that there 
are no olives within 400 leagues of Mount Ara- 
ret, and affects to be witty on this head. It is, 
however, indisputable, that there were olives in 
the neighbourhood of this mountain at the time 
of the deluge j for Moses assures us of the fact 
in the most express manner. Besides, it is not 
surprising, that, in the course of 4,000 years, the 
olives should be extirpated in these provinces, 
and multiplied in others. It is, therefore, con- 
trary both to scripture and reason, that these au- 
thors have supposed the earth, before the deluge, 
to have been totally different from what it is 
now; and this opposition between their hypo- 
theses and the sacred writings, as well as sound 
philosophy, is sufficient to discredit their systems, 
although they should correspond with some 
phaenomena*. Burnet, who wrote first, gives 
neither facts nor observations in support of his 
system. Wootlward’s book is only a short essay, 
in which he promises much more than he 
was able to perform ; it is only a project, with- 
out any degree of execution. He makes use of 
two getieral remarks: 1. That the earth is every 
where composed of materials which had for- 
merly been in a state of fluidity, and which had 
been deposited by the waters in horizontal beds. 
2. That, in the bowels of many parts of the 


* See Voyage da Levant, vol. ii. p. 33<!. 
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earth, there are an infinite number of sea bodies. 
To account for these facts, he has recourse to 
the universal deluge; or rather, he appears to 
employ these as proofs of the deluge. But, like 
Burnet, he falls into evident contradictions ; for 
it is absurd to suppose, with these authors, that, 
before the deluge, there were no mountains, 
since we are expressly told, that the waters rose 
fifteen cubits above the tops of the highest moun- 
tains. On the other hand, it is not said that 
the waters destroyed or dissolved the mountains. 
In place of this extraordinary dissolution, the 
mountains remained firm in their original situ- 
ations, and the ark rested upon the one which 
was first deserted by the waters. Besides, it is 
impossible to imagine, that, during the short 
time the deluge continued, the waters could dis- 
solve the mountains, and the whole fabric of the 
earth. Is it not absurd to suppose, that, in the 
space of forty days, the hardest rocks and mine- 
rals were dissolved by simp^ water ? Is it not 
a manifest contradiction to admit this total dis- 
solution, and yet to maintain that shells, bones, 
and other productions of the sea, were able to 
resist a menstruum to which the most solid ma- 
terials had yielded ? Upon the whole, I cannot 
hesitatb in pronouncing, that Woodward, though 
furnished with excellent facts and observations, 
has produced but a weak and inconsistent theory. 

Wliiston, who wrote last, has greatly im- 
proved upon the other two; and, though he 
has given loose reins to his imagination, it can- 
not be said that he falls into contradiction. He^ 
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advances many things which are incredible; but 
they are neither absolutely nor apparently im- 
possible, As we are ignorant of what materials 
the centre of the earth is composed, lie thinks 
himself entitled to suppose it a solid nucleus, 
surrounded with a ring of heavy ilut>d matter, 
and then follows a ring of water, upon which 
the external crust is supported. In this ring of 
water, the different parts of the crust sunk more 
or less in proportion to their gravities, and gave 
rise to mountains and inec|ualities on the surface 
of the earth. But our astronomer here commits 
a blunder in mechanics. He considered not, 
that the earth, on this supposition, must have 
formed one uniform arch; and, consequently, 
that it could hot be supported by the water, and 
far less could any part of this arch sink deeper 
than another. If this be excepted, I doubt whe- 
ther he has fallen into any other physical blun- 
der: he has, however, committed many errors 
both in metaphysics and theology. In fine, it 
cannot be denied absolutely, that tlie earth, in 
meeting with the tail of a comet, would be de- 
luged, especially if it be allowed to the author, 
that the tails of comets contain watery vapours. 
Neither is it absolutely impossible, that the tail 
of a comet, in returning from its perinelion, 
should bum the earth, if we suppose, with Mr. 
Whiston, that the comet passed very near the 
sun’s body. The same observations may be made 
upon the rest of his system. But though his 
notions be not absolutely impossible, when taken 
separately, they are so exceedingly improbable^ 
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that the whole assemblage may be regarded as ex- 
ceeding the bounds of human credulity. 

These three are not the only books which have 
been written upon the theory of the earth. In 
17^9) M. Bourguet published, along with his 
Philosophical Lellet's on the Formation of Salts, &c. 
a memoir, in which he gives a specimen of a 
system which he liad projected ; but the execu- 
tion of it was prevented by the death of the au- 
thor. It must be acknowledged, that no man 
was more industrious and acute in making ob- 
servations, and in collecting facts. To him we 
are indebted for remarking the correspondence 
between the angles of mountains, which is the 
chief key to the theory of the earth. He ar- 
ranges the materials he had collected in the best 
order. But, with all these advantages, it is pro- 
bable, that he would not have succeeded in giv- 
ing a physical history of the changes which have 
happened in the earth ; and he appears not to 
have discovered the causes of those effects which 
he relates. To be convinced of this remark, we 
have only to take a viewtof the propositions he 
deduces from those phenomena which must 
have been the foundation of his theory. He 
says, that the earth was formed at once, and not 
succe^ively; that its figure and disposition de- 
monstrate that it was formerly in a fluid state ; 
that the present condition of .the earth is very dif- 
ferent from what it was some ages after its first 
formation; that the matter of the globe was 
originally more soft than after its surface was 
changed ; that the condensation of its solid parts 
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diminished gradu^y with its velocity ; so that, 
after a certain number of revolutions round its 
own axis, and round the sun, its original struc* 
ture was suddenly dissolved ; that this liappened 
at the vernal equinox; that the sea shells insi- 
nuated themselves into the dissolved- matters; 
that the earth, after this dissolution, assumed its 
present form; and that, as soon as the fire or 
heat operated upon it, its consumption gradually 
.began, and, at some future period, it will be 
blown up with a dreadful explosion, accompa- 
nied with a general conflagration, which will 
augment the atmosphere, and diminish the dia- 
meter of the globe; and then the earth, in place 
of strata of sand or clay, will consist only of beds 
of calcined materials, and mountains composed of 
amalgams of different metals. 

This is a sufficient view of the system which 
M. Bourguet designed to compose. To guess at 
the past, and to predict the future, nearly in 
the same manner as others have guessed and pre- 
dicted, requires but a small effort of genius. This 
author had more erudition than sound and ge- 
neral ideas. He appears not to have had the 
capacity of forming enlarged views, or of com- 
prehending the chain of causes and effects. 

In the Leipsic Transactions, the celebrated 
Leibnitz published a sketch of an opposite 
system, under the title of Protogaea. The earth, 
according to Bourguet and others, was to be 
consumed by fire. But Leibnitz maintains, that 
it originated from fire, and that it has under- 
gone innumerable changes and revolutions. At 
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the time that Moses tells us the light was di- 
vided from the darkness, the greatest part of the 
earth was in flames. The planets, as well as the 
earth, were originally fixed and luminous stars. 
After burning for many ages, he alleges, that 
they were extinguished from a deficiency of 
combustible matter, and that they became opaque 
bodies. The fire, by melting the matter, pro- 
duced a vitrified crust j and the basis of all tei"^ 
restrial bodies is glass, of which sand and gra- 
vel are only the fragments. The other species 
of earth resulted from a mixture of sand with 
water and fixed salts ; and, when the crust had 
cooled, tiie moist particles, which had been ele- 
vated in the form of vapour, fell down, atid 
formed the ocean. These waters at first covered 
the whole surface, and even overtopped the 
highest mountains. In the estimation of this 
author, the shells, and other spoils of the ocean, 
which every where abound, are indelible proo& 
that the earth was formerly covered with the 
sea ; aqd the great quantity of fixed salts, of 
sand, and of other melted and calcined matters 
shut up in the bowels of the earth, demonstrate, 
that the conflagration had been general, and that 
it had preceded the existence of the ocean. 
These tideas, though destitute of evidence, are 
elevated, and bear conspicuous marks of inge- 
nuity, The thoughts have a, connexion, the hy- 
potheses are not impossible, and the consequences 
which might be drawn from them are not con- 
tradictory, But the great defect of this theory 
is, that it applies not to the present state of the 
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earth. It only explains what passed in ages so 
remote, that few vestiges remain j a man may, 
therefore, affirm what he pleases, and what he 
says will be accompanied with more or less pro- 
bability, in proportion to the extent of his ta- 
lents. To maintain, with Wbiston, that the 
earth was originally a comet, or with Leibnitz, 
that it was a sun, is to assert what is equally 
possible or impossible; it would, therefore, be 
ridiculous to investigate either by the laws'-of 
probability. The instantaneous creation of the 
world destroys the notion of the globe’s being 
covered with the ocean, and of that being the 
reason why sea shells are so much diffused 
tifrough different parts of the earth ; for, if that 
had been the case, it must of necessity be al- 
lowed, that shells, and other productions of the 
ocean, which are still found in the bowels of the 
earth, were created long prior to man, and other 
land animals. Now, independent of scripture 
authority, is it not reasonable to think that the 
origin of all kinds of animals and vegetables is 
equally ancient ? 

M. Scheutzer, in a dissertation addressed to 
the Academy of Sciences in 1708, attributes, 
like Woodward, the change, or rather new cre- 
ation of the globe, to the deluge. To afccount 
for the formation of mountains, he tells us, that 
God, when he ordered the waters to return to 
their subterraneous abodes, broke, with his Al- 
mighty hand, many of the horizontal strata, and 
elevated them above the surface of the earth, 
which was originally level# The whole disscr- 
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tation was composed with a view to support this 
ridiculous notion. As it was necessary that these 
eminences should be of a solid consistence, M. 
Scheutzer remarks, that God only raised them 
from places which abounded in stones. Hence, 
says he, those countries, like Switzerland, which 
are very stoney, are likewise mountainous ; and 
those, like Flanders, Holland, Hungary, and Po- 
land, which are mostly composed of sand and 
clay to great depths, have few or no moun- 
tains*. 

This author, like Woodward, blends physics 
and theology ; and, though he has naade some 
good observations, the systematic part of his 
work is weaker and more puerile than that of 
any of his predecessors. He has even descended 
to declamation, and absurd pleasantries. The 
reader, if he desires to see them, may consult 
his Pischim Querela., &c., not to mention his 
Physica Sacra, consisting of several volumes in 
folio, a weak performance, fitter for the amuse- 
ment of children than the instruction of men, 

Steno, and some othere, have attributed the 
origin of mountains, and other inequalities 
upon the surface of the earth, to particular in- 
undations, earthquakes, &c. But the effects of 
these Secondary causes could produce nothing 
but slight changes. These causes may co-ope- 
rate with the first cause, nanaely, the tides, and 
the motion of the sea from east to west. Be- 


» Vid. Hist, it I’Acad. 1708, p. S2. 
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sides, Steno has given no theoiy, nor even any 
general facts, upon this subject*. 

Ray alleges, that all mountains have been 
produced by earthquakes, and has written a 
treatise to prove the point. When we come to 
the article of volcanos, we shall examine the 
foundation of this opinion. 

We cannot omit observing here, that Burnet, 
Whiston, Woodward, and most other authors, 
have fallen into an error which deserves to, be 
rectified. They uniformly regard the deluge as 
an effect within the compass of natural causes, 
although the scripture represents it as an imme- 
diate operation of the Deity. It is beyond the 
power of any natural cause to produce on the 
surface of the earth a quantity of water sufficient 
to cover the highest mountains: and, although 
a cause could be imagined adequate to this ef- 
fect, it would still be impossible to find another 
cause capable of making the waters disappear. 
Granting that Winston’s waters proceeded from 
the tail of a comet, we deny that any of them 
could issue from the abyss, or that the whole could 
return into it ; for the abyss, according to him, 
was so environed and pressed on all sides by the 
terrestrial crust, that it was impossible the comet’s 
attraction could produce the least motion dn the 
fluid it contained, far less any motion resem- 
bling the tides ; hence, not a single drop couUl 
either proceed from, or enter into, the great 

if Vide Dissert, de Solido intra Solidum nato, &:c. 
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abyss. Unless, therefore, it is supposed, that 
the waters which fell from the comet were an* 
nihilated by a miracle, they would for ever have 
remained on the surface, and covered the tops 
of the highest mountains. The impossibility of 
explaining, any effect by natural causes, is the 
most essential character of a miracle. Our au- 
thors have made several vain efforts to account 
for the deluge. Their errors in physics, and in 
the. secondaiy causes they employ, prove the 
truth of the fact, as related in scripture, and de- 
monstrate, that the universal deluge could not be 
accomplished by any other cause than the will of 
the Deity. 

Besides, it is apparent, that it was not at one 
time, nor by the sudden effect of a deluge, that 
the sea left uncovered those continents which 
we inhabit; it is certain, from the authority of 
scripture, that the terrestrial Paradise was in 
Asia, and that Asia was inhabited before the 
deluge ; consequently, the waters, at that period, 
covered not this large portion cff the globe. 
The earth before the deluge, was nearly the 
same as now. This enormous quantity of water, 
poured out by Divine justice upon guilty men, 
destroyed every living creature; but it pro- 
duced no change on the sur&ce of the earth; 
it destroyed not even the plants ; for the pigeon 
returned to the ark with an joUve brandi in her 
bill. 

Why then should we suppose, with many na- 
turalists, that the waters of the deluge totally 
changed the surface of the globe, even to the 

yror^ !?: 
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depth of two thousand feet? Why imagine 
that the deluge transported those shells, which 
are found at the depth of seven or eight hundred 
feet, immersed in rocks and in marble ? Why 
lefer to this event the formation of hills and 
mountains ? And bow is it possible to imagine, 
that the waters of the deluge transported banks 
ef shells of 100 leagues in length ! I perceive- 
not how they can persist in this opinion, unless 
they admit a double miracle, one to create 
water, and another to transport shells. But as 
the first only is supported by holy writ, I see 
no reason for making the second an article of faith. 

On the other hand, if the waters of the de- 
luge had retired suddenly, they would have car- 
ried .off such immense quantities of mud and 
soil, as would have rendered the land unfit 
for culture, till many ages after this inunda- 
tion. In the inundation which happened in- 
Greece, the country that was covered remained 
barren for three centuries*. Thus the deluge 
ought to be regarded as a supernatural mode of 
chastising the wickedness of men, not as an ef- 
fect proceeding from any natural cause. The 
universal deluge was a miracle, both in its cause 
and in its effects. It appears from the sacred 
text, that the sole design of the deluge was the 
destruction of men and other animals, and that 
it changed not iq any manner the surface of 
the earth ; for, after the retreat of the waters, the 
mountains and even the trees, kept thdr for- 


* Vide Acta erudit. Lips. IMl, p. lOa 
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mer stations, and the land veas suited for the 
culture of vines and other fruits of the earth. 
It might be asked, if the earth was dissolved in 
the waters, or, if the waters were so much agi* 
tated as to transport the shells of India into Eu- 
rope, how the fishes, which entered not into the 
ark, were preserved ? 

The notion that the shells were transported 
and left upon the land by the deluge, is the ge- 
neral opinion, or rather superstition, of natural- 
ists. Woodward, Scheutzer, and others, call 
petrified shells the remains of the deluge j they 
regard them as medals or monuments left us by 
God of this dreadful catastrophe, that the me- 
morial of it might never be effaced among men. 
Lastly, they have embraced this hypothesis with 
so blind a veneration, that their only anxiety 
is to reconcile it with holy writ ; and, in place 
of deriving any light from observation and expe- 
rience, they wrap themselves up in the dark 
clouds of physical theology, the obscurity and 
littleness of which derogate from the simplicity 
and dignity of religion, and present to the scep- 
tic nothing but a ridiculous medley of human 
conceits and divine truths. To attempt an ex- 
planation of the universal deluge and of its 
physicaV causes ; to pretend to give a detail of 
what passed during this great revolution ; to 
conjecture what effects have r^ulted from it ; to 
add facts to the sacred writings, and to draw 
consequences from these interpolations: is not 
this a presumptuous desire of scanning the power 
of the Almighty ? The natural wonders wrought 

K 2 
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by his beneficent hand, in a uniform and regular 
manner, are altogether incomprehensible; his 
extraordinary operations, or his miracles, ought, 
therefore, to impress us with an awful astonish^ 
ment, and a silent respect. 

It may still be urged, that, as the umversal de- 
luge is an established fact, is it not lawful to rea- 
son upon its consequences ? True. But you must 
commence w'ith acknowledging, that the deluge 
could not possibly be the effect of any physh;al 
cause; you must regard it as an immediate 
operation of the Deity ; you must content your- 
self with what is recorded in scripture; and 
you must, above all, avoid blending bad philo- 
sophy with the purity of divine truth. After 
taking these precautions, which a respect for the 
counsels of the Almighty requires, what remmns 
for examination upon the subject of the deluge ? 
Do the sacred writings tell us that the moun- 
tains were formed by the deluge ? They tell us 
the reverse. Dp they inform us that the agita- 
tion of the waters was so great, as to raise the 
shells from the bottom of the ocean, and to dis- 
perse them over the face of the earth ? No : the 
ark moved gently on the surface of the waters. 
Do they tell us, thsU the earth suffered a total 
dissolution ? By no means. The narration of the 
sacred historian is simple and true ; that of natu- 
ralists is complicated and fabulous. 
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Geograph}/, 

The surface of the earth is not, like that of 
Jupiter, divided into alternate bands or belts, 
parallel to the equator. On the contrary, it is 
divided, from one pole to the other, into two 
belts of earth, and two of sea. The first and prin> 
cipal belt is the Ancient Continent, the greatest 
length of which is a line commencing at the 
most easterti point of the north of Tartary, and 
extending from thence to the neighbourhood 
of the gulf of Linchidolin, where the Russians 
fish whales; from thence to Tobolsk! ; from 
Tobolsk! to the Caspian Sea; from the Cas> 
pian Sea to Mecca; from Mecca to the western 
part of the country inhabited by the Gall! in 
Africa; from thence to Monoemuci, orMono- 
motapa ; and, lastly, to the Cape of Good Hope. 
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This line is about 3,600 leagues in length, and is 
never interrupted but by the Caspian and the 
Ked Seas, the breadth of which is inconsiderable, 
and ought not to be regarded, especially as, like 
our seasons, the whole surface of the globe is di* 
vided into four parts only. 

This greatest length of the Old Continent lies 
in a diagonal line j for, if measured by a meri- 
dian, it will appear, that, from the northernmost 
point of Lapland to the Cape of Good Hope, 
exceeds not 2,300 leagues; and that this line, 
though shorter, meets with greater interruptions 
from the Baltic and Mediterranean. With re- 
gard to all other lines which could be drawn un- 
der the same meridians in the Old Continent, 
they must still be shorter than" those we have 
mentioned. For example, from the most south- 
ern point of the Island of Ceylon to the north- 
ernmost coast of Nova Zembla, is 1,800 leagues. 
In the same manner, if the Continent be mea- 
sured by lines parallel to the equator, its greatest 
length, without much interruption by seas, will 
stretch froin Trefana, on the west coast of Africa, 
to Ninpo, on the east coast of China, which 
is about 2,800 leagues. Another Kne may begin 
near Brest, and extend to the coast of Chinese 
Tartary, which will be nearly 2,300' leagues. 
From Bergen in Norway, to the coast of Kamt- 
schatka, is only 1,800 leagues. All these lines 
are much shorter than the first. Hence the 
greatest length of the Old Continent extends 
from the eastern point of Tartary to the Cape 
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of Good Hope, and is about 3,600 leagues 
See plate i. 

This line may be considered as the middle of 
the Ancient Continent; for, in measuring the 
surface on each side of it,^ 1 find, that on the 
left, thero are 2,471,092f square leagues; and, 
the right, there are 2,469,687, which is an 
equality so astonishing, as to render it extremely 
probable that this line, which is the longest, at 
the same time really divides the contents of the 
Ancient Continent. 

Hence the Old Continent consists of about 
4,940,780 square leagues, which is a fifth part 
of the surface of the globe, and may be regarded 
as a large belt of earth, with an inclination to 
the equator of about thirty degrees. 

The New Continent is another belt of earth, 
the greatest length of which may be taken from 
the mouth of the river Plata to the lake of the 
Assiniboils. This line passes from the mouth of 
the river Plata to Lake Caracara; from thence 
to Mataguais, Pocona, Zongo, Mariana, Mo- 
rua, St. Fe, and Carthagena; then it passes 
through the gulf of Mexico to Jamaica and 
Cuba; from thence along ^the peninsula of Flo> 
rida, through Apalache, Chicachas; and from 
thence to St. Louis, Fort le Sueur, and termL 
nates in the country bordering on Lake Assi* 


t * By leagues I mean those used in the enfirons of Paris^ 
which are 2,000 or 2>100 fathoms long, and about 27 of them 
make a degree. 
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niboils, the extent of which is ttDkiiown.*^See 
plate ii. 

This line is interrapted only by the Gulf of 
Mexico (which may be considered as a Medi> 
terranean sea), is about S,300 leagues in length, 
and divides the New Continent nearly into two 
equal parts, that on the left containing 1,069, 
leagues square, and that on the right l,070,926tV' 
It is the middle of the belt of land called the 
New Continent, and is likewise inclined to the 
equator about 30 degrees, but in an opposite di< 
rection} for that of the Old Continent extends 
fiom the north-east to the south-west^ but that 
of the New Continent from north-west to south* 
east. The superficial contents of the Old and 
New Continents are about 7,080,993 square 
leagues, not near a third part of the surface of 
the globe, which contains 23,000,000 square 
leagues. 

Of these lines, which divide the Continents 
into two equal parts, it may be remarked, that 
they both terminate at the same degrees of north 
and south latitude} and that the two Continents 
make mutual advances, or projections, exactly 
opposite to each other, namely, those on the Afri* 
can coast, from the Canary Isles to Guiney j and 
those of America, from Guiana to the mouth of 
the Rio-Janeiro. 

It is, therefore, apparent, that the most ancient 
lands on the globe are those which extend froin 
200 to 230 leagues on each side of the two lines 
above described. Agreeable to this idea, whiclji 
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is founded on the observations already made, we 
find that, in the Old Continent, the most an- 
cient countries of Africa are those which stretch 
from the Cape of Good Hope to the Red Sea 
and Egypt, and are about 500 leagues broad} 
and, cons;equently, that the whole western coast 
of Africa, from Guiney to the Straits of Gibral- 
tar, are new lands. In the same manner, if we 
trace this line through Asia, and include an equal 
breadth, we shall find, that the most ancient 
countries are, the two Arabias, Persia, Georgia, 
Turcomania, a part of Independent Tartaiy, 
Circassia, part of Muscovy, &c. ; and, of course, 
that Europe, and perhaps also China, and the 
eastern part of Tartary, are comparatively new 
countries. 

In the New Continent, we shaU likewise find, 
that Terra Magellanica, the eastern part of Bra- 
sil, of the country of the Amazons, of Guiana, 
and of Canada, are new lands, when compared 
with Tucuman, Peru, Terra Firma, the islands 
in the Gulf of Mexico, Florida, the Missisippi, 
and Mexico. To these observations may be 
added two remarkable facts. The Old and New 
Continents are nearly opposite to each other. 
The Old Continent extends farther north of the 
equator than south ; but the New, farther south 
than north. The centre of the Old Continent 
lies in the I6th or 18th degree of nwth latitude; 
and the centre of the New Continent lies in the 
I6th or 18th degree of south latitude, as if they 
were intended to counterbalance each other. 
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There is another singular analogy between the 
two Continents, though it appears to be chiefly 
the effect of accident. Both Continents might 
be divided into two portions, which would be 
surrounded on all sides by the sea, except the two 
small isthmuses of Suez and Panama, r 

These general observations on the division of 
the globe are the result of an attentive survey. . 
We shall not, upon this foundation, erect hypo- 
theses, or indulge in reasonings, which might 
lead to false conclusions. But, as the division 
of the globe has not hitherto been considered 
under this point of view, I shall hazard a few 
remarks. It is not a little singular, that the 
longest line which can be drawn upon the two 
Continents should, at the same time, divide them 
into two equal parts. It is not less remarkable, 
that these two lines should commence and termi- 
nate at the same degrees of latitude, and hare 
the same inclination, to the equator. These re- 
lations may lead to general conclusions, of which 
we are still ignorant. We shall afterwards exar 
mine, in detail, the inequalities in the figure of 
the two Continents, and shall here only remark, 
that the most ancient countries should be found 
in the neighbourhood of the above lines, and 
should, at the same time, have the highest ele- 
vation ; and that the more recent lands should 
be most remote from these lines, and likewise He 
lower. Agreeable to this idea, the newest coun- 
tries in America should be the land of the Ama- ■ 
zons, Guiana, and Canada, In examining the 
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map of these countries, we perceive that they 
are every where divided by numberless lakes and 
rivers, which is a still stronger indication of 
their recent origin. On the other hand, the re- 
gions of Tucuman, Peru, and Mexico,* are high 
mountains, and situated near the line that di- 
vides the Continent; circumstances which seem 
. to prove the superior antiquity of these coun- 
tries. Africa is also extremely mountainous, 
ahd at the same time very ancient. In this part 
of the globe, Egypt, Barbary, and the western 
coast, as far as Senegal, can only be considered 
as new lands. Asia is perhaps the most, ancient 
of all countries, especially Arabia, Persia, and 
Tartary. But the inequalities of this great di- 
vision of the globe, as well as those of Europe, 
shall be treated of in a separate article. We shall 
only remark, in general, that Europe is a new 
country, as appears from those universal tradi- 
tions concerning migrations of different nations, 
and the origin of arts and sciences. It is not 
long since Europe was full of marshes and fo- 
rests. But, in countries anciently inhabited, 
there are few woods, lakes, or marshes, but a 
great deal of heath and shrubs, and many high 
mountains, with dry and barren tops ; for men 
destroy woods, drain marshes and lakes, and, in 
process of time, give an appearance tu the face 
of the earth totally different from that of unin- 
habited or newly peopled countries. 

In this article of general geography, I have 

endeavoured to reach that degree of exactness 
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which subjects of such a nature require j yet a few 
slight errors have escaped me. For example, 

1. I have not used the names adopted or given 
by the French to several parts of America. 
I have %iniformly followed the British globes 
made by Senex, of two feet diameter, from which 
my charts were exactly copied. The British are 
more just than the French, with regard to coun- 
tries they discover, or through which they travel. 
They preserve the original name of each coun- 
try, or that which was bestowed on it by the first 
discoverers. We, on the contrary, often give 
French names to the countries we visit, which is 
the cause of that obscurity in the geographical 
nomenclature of our language. But, as the 
lines which traverse the two Continents in their 
greatest length are well marked, in my charts, 
by the two extreme points, and several other 
intermediate ones, whose names are generally 
adopted, no essential ambiguity can arise from 
this circumstance. 

2. I have likewise neglected to give the calcu- 
lation of the surface of the two Continents, be- 
cause it is easily made on a large globe. But, as 
many persons have expressed a desire to see this 
calculation, I here subjoin that which M. Robert 
de Vangondi transmitted to me at the timd*. 

* Calculation of our Continent by geometrical leagues 
square. 

14^ d. Hd. ltd. Hd. if 6. 

5 K 8D lOiC 13^ A U d. 

n,150 80,937 100,625 113,750 120,312^ 
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From this calcnlation it appears, that, on the left 
of the line of partition, there are 2,471,092^ of 
square leagues, and 2,469,687 square leagues on 
the right of the same line } and consequently that 

Calculation^f the left half. Calculation of the right half. 
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Difference 1,405 1 
Which is scarcely a degree and a half square. 


Calculation of the Continent of America according to the same 
measures. 
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the Old Continent consists of about 4,940,780 
square leagues, which is not one fifth part of the 
earth’s surface. 

In the same manner, the part on the left of 
the line of partition in the New Continent, con- 
tains 1 , 069 , 2864 . square leagues, and that on the 
right of the same line consists of 1,070,926 tV; 
in all, about 2,140,213 square leagues; which 
makes not one half of the surface of the Old 
Continent. As both Continents contain hut 
7,080,993 square leagues, their superficies is not 
near one third of the total surface of the globe, 
which is about 26 millions of square leagues. 

3 . I ought to have mentioned the small dif- 
ference of inclination that subsists between the 
two lines by which I divided the two Continents. 
I contented myself with saying, that they were 
both inclined to the equator, in opposite sides, 
about 30 degrees, which is not the precise fact ; 
for that of the Old Continent is a little more 
than 30 degrees, and that of the New a little 
less. If I had given this explanation, I should 
have avoided the imputation of having drawn 
two lines of unequal lengths, under the same 

1,070,926tV 

1,069,2864 

Diflerence ,1,6394. 

Which is scarcely'a degree and Mie fifth square. 

Superficies of the New Continent 2, 1 40,21 3 
l^uperficies of the Old Continent 4,940,780 


Total - - 7,080,993 square leagues. 
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angle between two parallels ; which would have 
proved, as an anonymous critic remarks^, that I 
am unacquainted with the elements of geometry. 

4. I have neglected to distinguish Upper from 
Lower Egypt ; insomuch that, in the two places 
where I have mentioned the country, there is an 
appearance of contradiction. In the first of those 
passages, Egypt seems to he ranked among the 
most ancient lands, while, in the second, it is 
reckoned among the most recent. 1 was wrong in 
not distinguishing, asl had elsewhere dene. Upper 
Egypt, which is a very ancient land, from Lower 
Egypt, which is a very new territory. 

With regard to the figure of Continents, I shall 
transcribe a passage from the ingenious author of 
the Philosophical and Political History of the two 
Indies. 

” It is now thought to be certain,” he remarks, 
“ that the surface of the New Continent is not one 
half of that of the Old. Besides; in their figure 
there are some striking analogies. — ^They seem to 
form two immense bands of earth, which arise 
from the Arctic pole, terminate in the South, 
and separated on the East and West by the 
ocean that invests them. Independent of the 
structure of these two bands, and of the coun* 
terpoise or symmetry which takea .place, in their 
figure; it is apparent, that their equilibrium 
depends not on their position; it is the fluctu* 
dtion of the sea which produces the stability of 


* Inures i on Americain. 
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the earth. To fix the globe on its base, it was 
necessaiy to have an element which, by floating 
continually aitmnd this planet, should counter* 
balance, by its weight, the other substances, and 
restore that equilibrium which the collision of 
the other elements might have disturbed. Wa- 
ter, by its fluidity and gravity, is well fitted to 
support that harmony and that balance of the 
diflerent parts of the globe around its centre. 

•* If the waters which still moisten the bowels 
of the New Hemisphere had not deluged its sur- 
face, man would soon have cut down the woods, 
drained the marshes, and given consistence to a 
watery soil. — He would have opened vents to 
the winds, and confined the rivers within their 
banks; the climate, of course, would have al- 
ready been changed. But an uncultivated and 
thinly inhabited hemisphere announces a recent 
land, while the waters which environ its coasts 
still creep silently through its veins.” 

On this subject I shall remark, that, although 
there is more water on the surface of America 
than on that of other countries, we ought not to 
conclude from this circumstance, that an internal 
sea is contained in the bowels of this new land. 
We should only infer from this number of lakes, 
marshes, and large rivers, that America has been 
peopled long aft^ Asia, Africa, and Europe, 
where the quantity of stagnant waters is much 
less. Besides, a thousand other circumstance 
concur in showing, that the Continent ofAme- 
rica, in general, ought to be regarded as new land. 
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in which Nature has not had time to acquire all 
her powers, nor to exhibit them by a numerous 
population. 

A small portion of the globe only was known 
to the ancients. The whole of America, the 
Arctic Cirgle, Terra Australis and Magellanica, 
and a great part of the interior regions of Africa, 
were unknown to them. They knew not that 
the Torrid Zone was inhabited, although they 
ha4 sailed round Africa. About 2,200 years 
ago, Neco King of Egypt furnished some ve^els 
to the Phoenicians, who sailed down the Red 
Sea, doubled the Cape of Good Hope, and 
the third year after their departure they entered 
the Mediterranean by the Straits of Gibraltar *. 
The ancients, notwithstanding, were totally ig- 
norant of the polarity of the loadstone, although 
they knew its power of attracting iron ; they 
knew not the cause of the tides ; and they were 
uncertain whether the ocean surrounded the 
globe. Some of them, indeed, suspected that it 
might be so; but these conjectures were so ill 
founded, that none of them ever dreamed of its 
being possible to circumnavigate the earth. Ma- 
gellan, in the year ldl9> was the first who at- 
tempted this great voyage; and he accomplished 
it in 1„124 days. Francis Drake, in the year 
1^77) was the second; and he performed it in 
1,0S6 days. Thomas Cavendish set out upon this 
voyage in 1586, and finished it in 777 days. 

* See Herodotus, lib. 4. 

VOL. I. L 
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TJwse criehratcd navigators were the first wU^ 
g’nve a physical denioiistration of the sfihericity 
and extent of the circumference of the earth. 
The ancients, though they travelled much, had 
no adequate idea of the extent of the globe. 
They were equally ignorant of the ti^de-winds, 
which are so useful in long voyages. Their li- 
mited knowledge in geography, therefore, should 
not surprise us, especially when it is con- 
sidered, that, notwitlistanding the advantages 
derived fiom the mathematical sciences, and 
from the discoveries of navigatore, many- points 
remain still undetermined, and vast regions are 
yet undiseovered. Of the countries in the neigh- 
bourhood of the south pole, we only know that 
they exist, and that they are separated from the 
other continents by the ocean*. Much, like- 
wise, remains to be discovered concerning the 
lauds near the north pole : and it is a subject of 
regret, that, for a century past, the ardour for 
discovering new countries has greatly abated. 
The nations of Europe seem, and perhaps they 
are right, more disposed to increase the value rf 
those countries tliey have already discovered, 
than, to acquire new territories. 

The discovery, however, of the Southehi Con- 
tinent would be a grand object of curiosity, and 
might be attended with the greatest advantages. 


• Captain Cooke, in his late voyage, has demonstrated, in 
the completcst manner, that no continent exists near the soalh 
pole. 



GEOGRAPHY. 


147 

A few of its coasts have been recognized ; but 
those navigators, who have attempted this dis- 
covery, have always been prevented from reach- 
ing land by large bodies of ice. The thick fogs 
which infest those seas form another obstacle. 
But, notwithstanding all these inconveniences, 
it is probable, that, by setting out from the Cape 
of Good Hope at different seasons, part of this 
new world might still be discovered. 

Another method might, perhaps, be attended 
with more success. To avoid the fogs and the 
ice, the discovery might be attempted, by de- 
parting from BAldivia, or some other port- on the 
coast of Chili, and traversing the South Sea un- 
der the 50fh degree of south latitude. This na- 
vigation appears not to be hazardous j and it is 
probable that it would be attended with the dis- 
covery of new lands j for the regions about the 
south pole, still unknown, arc so extensive, that 
they may be computed to be about a fourth part 
of the globe ; and, consequently, may contain a 
country as large as the whole of Europe, Asia, 
and Africa. 

To what I have said concerning the Terra 
Australis, 1 shall iuld, that within these few years, 
new attempts have been made to^iscover it, and 
that spme points of it have been found after de- 
parting either from the Cape of Good Hope, or 
from the Isle of France; but that these new 
voyagers have uniformly met with thick fogs, 
snow, aod iqe, in the 46tb or 47th degree of 
louth Jatit,ude. After conversing with some of 

l8 
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these voyagers, and collecting all the inlorma- 
tion I could derive from other sources, I per- 
ceived that they all agreed with regard to this 
fact, and that they found ice in much lower la- 
titudes than is to be met with in the northern 
hemisphere. They likewise uniformly met with 
fogs in the same latitudes where they found ice, 
though it was summer in these climates at the 
time the experiments were made. It is, there- 
fore, extremely probable, that, below the 50th 
degree, it will be in vain to search for temperate 
countries in the southern hemisphere, where the 
freezing cold is much farther extended than in 
the northern. The thick fog is produced by the 
presence or neighbourhood of the ice. This fog 
consists of minute particles of snow, which are 
.suspended in the air, and render it obscure: 
it often accompanies the great floating masses 
of ice, and reigns perpetually in frozen re- 
gions. 

Besides, the British have lately sailed round 
New Holland as well as New Zealand. These 
southern countries are more extensive than the 
whole of Europe. New Zealand is divided into 
several islands; but New Holland ought rather 
to be reganle^as a part of Asia, than as an island 
belonging to the Southern Continent ; for New 
Holland is only separated from the land , of the 
Papous, or New Guiney, by a narrow strait, and 
the whole Archipelago, which extends southward 
from the Philippine isles, as far as the country of 
Arnhem in New Holland, and toward the west 
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and south, as far as Sumatra and Java, appears to 
belong as much to the Continent of New Hol- 
land, as to the southern parts of Asia. 

Captain Cook, who ought to be regarded as 
the greatest navigator of this age, and to whom 
we are indebted for an infinite number of new dis- 
coveries, has not only given a chart of the coasts 
of Zealand and New Holland, but has likewise 
explored an immense tract of the South Soa in the 
neighbourhood of America. He departed from 
the south point of America on tlie SOth of Ja- 
nuary 1769 , and he traversed a great part of the 
ocean under the 60th degree, without discovering 
any land. From Captain Cook’s chart we may 
perceive the great extent of sea which he ex- 
plored ; and his tract demonstrates, that, if any 
lands exist in tliis part of the globe, they nmst be 
far removed from the Continent of America ; for 
New Zealand, which is situated between the 35th 
and 45th degrees, is very distant from America. 
But it is still to bo hoped, that other navigators, 
following the tract of Captain Cook, will traverse 
the southern ocean under the 50lh degree, and 
that they will discover whether these immense 
regions, which extend more than two thousand 
leagues, consist of laud or of sea. However, I do. 
not imagine that the southern regions, beyond 
the 50th degree, are so temperate that any ad- 
vantage could be derived to us from the discovery 
of them. 

While we remain ignorant of this part of the 
earth, we cannot determine the proportion the 
surface of thh land bears to that of the oce^p ; 
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from what we do know, it appears that there is 
more sea than land. 

To acquire an idea of the vast quantity of 
water in the ocean, we must suppose a medium 
depth, for example, that of 200 fathoms, or the 
sixth part of a league. Upon this s.ipposition, 
there is as much water in the ocean as would bo 
sufficient to cover the whole globe to the depth of 
600 feet ; or, if collected into one mass, it would 
form a globe of 60 leagues in diameter. 

It is alleged by navigators, that the latitudes 
near the south pole arc much colder than the 
same latitudes towards the north. But this opi- 
nion seems to have no foundation. It appears to 
have been adopted from the circumstance of ice 
appearing in latitudes where none is found in 
the northern seas. But this effect may be owing 
to some peculiar causes. After the month of 
April, there is no ice on this side of 67 or 68 de- 
grees of north latitude; and the savages of Aca- 
dia and of Canada say, that if the ice be not 
melted in April, it indicates a cold and rainy sum- 
mer. Tlie year 1725 was distinguished by an al- 
most perpetual rain; and, in April, the ice in the 
northern seas was not only not melted at the 67th 
’degree, but, on the 15th of June, it was found in 
lat. 41 or 42*. 

Great quantities of floating ice appear in the 
north seas, especially at considerable distances 
from land. They come from the Tartarean Sea, 
into that of Nova Zembla and other parts of the 

• See I’Hist. defAcad. annee 1727 . 
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Frozen Ocean. I have been assured by people 
worthy of credit, that an English captain, called 
Manson, instead of searching for a passage to 
China between the northern lands, directed his 
course straight to the pole till he arrived within 
two degrees of it; and that, in this course, he 
found an open sea, and no ice; which is a clear 
proof, that the ice is always formed ne^r the 
land, and never in an extensive sea : for, though 
it* should be supposed, contrary to probability, 
that the cold was so intense at the pole as to 
freeze the surface of the sea, it is still inconceiv- 
able how these enormous floating' masses could 
be formed, without being attached to the land, 
from which they are again sepamted by the heat 
of the sun. Two vessels sent by the East India 
Company, in 1739, to discover land in the 
south seas, found islands of ice in lat. 47 or 48 ; 
but they were not very distant from the shore, 
which was in view, though the vessels could not 
make their landing good *. These islands of ice 
must have been detached from the lands in the 
neighbourhood of the south pole; and it may be 
. conjectured that they follow the course of some 
large rivers in these unknown regions, in the 
same manner as the Oby, the Jeuisca, and other 
great rivers that fall into the north seas, carry 
down masses of ice, which shut up, during the 
greatest part of the*year, the straits of Waigat, 
and render the sea of Tartary, by this course, al- 
together inaccessible; while, beyond Nova.Zem- 


' * See on this lubjoct a chart by M. Buacbe, 1739 . 



152 


GEOGRAPHY. 


bla> and near the pole, where there is little 
land and few rivers, ice is less frequent, and 
the sea more navigable. Hence, if any far- 
ther attempts be made to find a passage to 
China and Japan by the north seas, it will, per- 
haps, be necessary to keep at a distance from 
the land and the ice, to steer directly towards the 
pole, and to explore the most open seas, where 
unquestionably there is little or no ice : for it is 
well known, that salt water can take on a greater 
degree of cold, without freezing, than fresh water 
after it is congealed; consequently the excessive 
cold at the pole may render the sea colder than 
ice, without freezing its surface. Besides, at SO 
or 82 degrees, the sea, though mixed with snow 
and fresh water, is never frozen, except near the 
coasts. From the united testimony of several na- 
vigators, it is apparent, that there is a pas>iigt. 
from Europe to China by the nCrth sea : the rea- 
son why it has so often been in vain attempted is 
obvious. Fear prevented the undertakers from 
keeping at a sufficient distance from the land, 
and from approaching the pole, which they pro- 
bably imagined to be an immense rock. 

William Barents, however, who, like many 
others, had run aground in his voyage, nevBr 
doubted the existence of such a passage, or, that, 
if he had kept farther from land, he would have 
found an open sea vvithoitt ice. The Russian 
navigators sent by the Czar to reconnoitre the 
north sea, relate, that Nova Zemhla is not an 
island, but a part of Tartary, and that, to the 
north of it, there is a free and open sea. A 
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Dutch voyager affirms, that whales are occasion- 
ally thrown upon the coasts of Corea and of 
Japan, with European harpoons sticking in their 
backs. Another Hollander alleges, that he had 
penetrated to the pole itself, and assures us, that 
it was as jvarm as at Amsterdam in summer. 
One Goulden, an Englishman, who had made 
above thirty voyages to Greenland, related to 
Charles II. that two Dutchmen, who sailed along 
witli him, having been unsuccessful in fishing 
off the coast of the Isle of Eldges, resolved to 
proceed northward; that, upon tijeir return, 
fifteen days after, they told him, that they had 
been at the 89th degree of latitude, where they 
found no ice, but an open, deep sea, like that in 
the Bay of Biscay ; and that they showed him the 
two shjps’ journals in support of what they ad- 
vanced. In fine, it is related in the Philosophical 
Transactions, that two navigators, who engaged 
in the discovery of this passage, penetrated 300 
leagues to the east of Nova Zembla; but, on 
their arrival, the East India Company, who 
thought they had an interest in preventing the 
discovery, allowed them not to return l hat way to 
Europe*. But the Dutch East India Company, 
who believed themselves interested in the dis- 
covery, having made unsuccessful attempts on 
the European side, tried to find it by the way 
of Japan; and they would probably have suc- 
ceeded, il‘ the Emperor of China had not pro- 
hibited all strangers from navigating ou the 


* See Collect, of Voyages to the North, p. 200. 
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coasts of the lands of Jesso. This passage, there- 
fore, cannot be found but by steering directly 
to the pole beyond Spitzbergen, or rather by 
keeping the open sea between Nova Zembla and 
Spitzbergen, under the 79th degree of latitude. 
For the reasons already given, there is no occa- 
sion to dread ice, even under the pole itself; 
for there is no example of a large sea freezing at 
a great distance from land. The only sea that 
freezes totally is the Black Sea, which is narrew, 
contains little salt, and receives from the north- 
ern countries a number of rivers, and large 
islands of ice. If we may credit historians, this 
sea, in the time of the Emperor Copronyina.-i, 
froze to the depth of 30 cubits. This may be 
an exaggeration: but that it freezes every win- 
ter is certain, while open seas, 1,000 leagues 
nearer the pole, never do. This fact can. only 
be explained by the superior saltness, and the 
comparatively small epiantity of ice which these 
seas receive. 

Islands of ice, which have been regarded as 
invincible obstacles to navigation near the poles, 
prove only the existence of large rivers in the 
neighbourhood of the places where they appear. 
They also demonstrate the existence of vast con- 
tinents, from which these rivers derive their 
sources; and, therefore, we ought not to be dis- 
couraged by their appearance : besides, very little 
reflection will convince us, that these heaps of ice 
must be confined to particular places; that it is 
impossible they should occupy the whole circle in 
which the Southern Continent is supposed to be 
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contained j and, therefore, if a different route 
were taken, we have reason to hope for success. 
From the description of New Holland, given by 
Dampier, and others, it is probable, that this 
part of Terra Australis, which is, perhaps, a part 
of the Southern Continent, is a country less an- 
cient than what remains to be discovered. New 
Holland lies low; it has neither mountains nor 
rivers*; it is thinly inhabited, and the natives 
have no industry. All these circumstances in- 
duce us to think, that the savages of New Hol- 
land are similar to those of the Amazons, and of 
Paraguay, in America. In Peru and Mexico, 
which are the most elevated, and, of course, the 
most ancient countries of AmTerica, the manners 
of the inhabitants were polished ; and they were 
divided into distinct nations, governed by sove- 
reigns and by laws. Savages, on the contrary, 
are always found in low and new countries. 
Hence we may presume, that, in the elevated 
and interior parts of the Southern Continent, from 
which issue those large rivers that carry down 
heaps of ice to the sea, there are men united by 
the bonds of society. 

The interior parts of Africa are nearly as little 
known to us as they were to the ancients. They 

♦ We have no good reason to suppose that New Holland 
has neither mountains nor rivers ; on the contrary* a chain of 
mountains is said to run north an^ south between fifty and 
sixty miles in land ; but not easily acce^ssible on account of 
numerous deep ravines: and* it is highly probable* that such 
an extensive country produces some considerable rivers* though 
we have not as yet discovered them* W. 
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bad circumnavigated this immense peninsula; 
but they have neither left us charts nor descrip- 
tions of its coasts. Pliny tells us,, that this voy- 
age was performed in the days of Alexander the 
Great; that the wrecks of some Spanish ships 
were found in the Arabian sea; and that llanno, 
the Carthaginian general, had sailed from Gades 
to the Arabian gulf, and had written a relation 
of the voyage. He farther informs us, that, in 
the days of Cornelius Nepos, one Eudoxus, who 
had been persecuted by King Lathurus, was 
obliged to fly ; that he departed from the Ara- 
bic gulf, and arrived at Gades; and that, pre- 
vious to this period, Spain carried on a trade by 
sea with Ethiopia But, these testimonies not- 
withstanding, v/e are of opinion, that the an- 
cients never doubled the Cape of Good Hope : 
every man considered the voyage of the Portu- 
gueze to the East Indies as a new discovery. It 
will not be incurious to see the sentiments enter- 
tained of this subject in the ninth century. ” In 
our days, a discovery has been made which was 
totally unknown to those who lived before us. 
No man believed, or could suspect, that the sea 
which reaches from the Indies to China, had any 
communication w'ith the sea of Syria. But we 
have lately found, according to my informa- 
tion, in the Mediterranean, or sea of Roum, the 
wreck of an Arabian ship which had been staved 
to pieces by a tempest. Some of these pieces 
had been carried, by the wdnd and the waves, 


* See Plin. Hist. Nat. tom. i. lib. 2. 
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into the sea oftheCozars ; from thence round to 
the Mediterranean, and along that sea to the 
coast of Sj'ria. This is a demonstration that the 
ocean surrounds China and Cila, the extremity 
of Turqueston, and the country of the Cozars, 
and that, at last, it enters by the Straits, and 
washes the borders of Syria. The evidence arises 
from the construction of the vessel j for there are 
no ships but those of Siraf whose planks are not 
iiaMed. But the vessel above mentioned had all 
her planks stitched together in a manner pecu- 
liar to the Arabians. But all vessels belonging 
to the Mediterranean, and the coast of Syria, 
have their timbers fastened with nails 

I shall subjoin the remarks added by the trans- 
lator of this ancient relation : 

“ Abuziel remarks, as a thing perfectly new» 
that a vessel had been carried from the Indian 
Sea, and thrown upon the coast of Syria. To 
find a passage for it into the Mediterranean, 
he supposes, that there is a great extent of sea 
beyond China which communicates with the 
sea of the Cozars, or of Muscovia, The sea 
beyond Cape Current was entirely unknown 
to the Arabians, on account of the extreme 
hazard of navigating it, and because the con- 
'tinentuwas inhabited by a people so barbarous, 
that it was impossible either to conquer them, 
or to civilize them by compierce. The Por- 

* S«!e Le« anciennu Rtlatiooes des Voyages fails par Terr* 
a la Cbine, p< 53. 
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tugiieze found not, from the Cape; of Good 
Hope to SofFala, any Moors who had an es.ta- 
blislied settlement, like those in all the maritime 
villages as far as China, which was the farthest 
place known to geographers. But they could 
not tell whether the Chinese Sea. communi- 
cated with that of Barbary by the extremity 
of Africa; they only described it to the coast 
of Zinga or CalFraria. We cannot, therefore, 
hesitate in pronouncing, that the first discovery 
of the passage of this sea, by the Cape of Good 
Hope, was made by the Europeans under the 
command of Yasca de Gama, or, at least, a 
few years before he doubled that Cape, if w.t 
may credit some sea charts of an older date, 
where the Cape is marked under the name of 
Frontcira da Africa. Antony Galvan relates, 
upon the testimony of Francisco de Sousa Ta- 
vares, that, in 1528, the Infant Don Ferdi 
nand showed him a similar chart from tiie 
monastery of Acoboca, dated 120 years be- 
fore, copied, perhaps, from that said to be 
in the treasury of St Marc at Venice, on 
which the point of Africa is likewise deline- 
ated, according to the evidence of Ramusio,” &c. 

The ignorance of these ages concerning the 
navigation round Africa is not, perhaps, so 
singular as the silence of the editor of this an- 
cient relation with regard to the passages in 
Herodotus, Pliny, &c., which we have quoted, 
and which proved that the ancients liad saUed 
round Africa. 
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However this matter stands, the coasts of 
Africa are now well known. But all the at- 
tempts which have been made to penetrate into 
the interior parts, have not furnished us with 
exact accounts. It would be a great object to 
go far up the country, by means of the Senegal, 
or some other great river, and establish settle- 
ments. According to every appearance, we 
should there find a country as rich in precious 
metals as Peru or Brasil. • It is well known, that 
the rivers of Africa abound in gold dust ; and, as 
the country is very high and mountainous, and 
is, besides, situated under the equator, it unques- 
tionably contains, as well as America, mines of 
the heaviest metals, and stones of thg hardest and 
most compact texture. 

The vast extent of north and east Tartary is 
but a late discovery. If the Ilussian charts be 
just, we know the whole coast of this part of 
Asia ; and it appears, that, from the termination 
of east I'artary to North America, it is an extent 
not above 400 or 500 leagues. It has evfen been 
lately reduced to a much shorter space. In the 
Amsterdam Gazette of 24th January 1747, under 
the article Petersburgh, it is alleged, that 
M. Stolleravoit had discovered, beyond Kamt- 
schatka, one of the North American isles, and 
that he had demonstrated that we might sail 
from Russia to America by a very short passage. 
The Jesuits and other missionaries also pretended 
to have known savages in Tartary, whom they 
had catechized in America, which supposes the 
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passage to be indeed very short*. Charlevoix 
would have us believe, that the Old and New 
Continents are united in the northern parts. 
He says, that somedate voyages of the Japanese 
make it probable that the passage we have been 
mentioning is only a bay, beyond which we may 
pass, by land, from Asia to America. But this 
notion requires confirmation; for it has always 
been thought, that the continent of the north 
pole is probably separated from all other copti- 
nents, as well as that of the south pole. 

Astronomy and navigation have reached so 
high a pitch of perfection, that we may reason- 
ably hope soon to have an exact knowledge of 
the whole syrface of the globe. The ancients, 
who were ignorant of the mariner’s compass, 
were able to discover a small part of it only. 
Some pretend that the Arabians invented this in- 
strument, and that, by means of it, they carried 
on trade with India as far as China*}'. But this 
notion has always appeared to me to be desti- 
tute of foundation ; for there is not iu the Ara- 
bian, Turkish, or Pereian languages,^ a word that 
signifies a mariner’s compass: they use the Ita- 
lian word bossola. Even at this moment, they 
can neither make Compasses nor give polarity to 
the needle. They purchase these articles from 
the Europeans. Father Martini alleges, that the 
Chinese have been acquainted with the compass 


* See Charlevoix, tom iii. p. 50. 

f See I’Abrege de Tliist. des. Sarazins de Bergdron, p. 1 19. 
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these 3,000 years *. If these facts be true, hour 
should it happen that they have made so little use 
of this instrument? Why, in their voyage to 
Cochinchina, did they take a longer course than 
was necessary ? Why did they always limit 
themselves^ to the same expeditions, the longest 
of which was to Java and Sumatra? And why 
did they not discover, before the Europeans, a 
vast variety of islands and of fertile countries in 
th^r own neighbourhood, if they possessed the 
art of navigating in the open seas ? It was but 
a few years after the discovery of this wonder- 
ful quality of the loadstone, that the Portugueze 
doubled the Cape of Good Hope, and traversed 
the African and Indian oceans, and that Christo- 
pher Columbus sailed to America. 

It was not difficult to conjecture, that immense 
regions existed in the western part of the globe } 
for, on computing what was known of it, namely, 
the distance from Spain to China, and attending 
to the revolution of the earth, or of the heavens, 
it was easy to perceive, that a •greater extent 
lay to the west than what had been already 
discovered on the east. That the ancients found 
not the New World, was not owing to a deficiency 
in astronomical science, but solely to thcur ig- 
norance of the compass. The passages of Plato 
and of Aristotle, which mention countries far 
beyond the Pillars of Hercules seem to indicate 
that some mariners had been driven by a tempest 
on the coast of America, from which they had 
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* Se« Hist. Sinict^ p. 106. 
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returned with infinite labour. But, supposing 
the ancients to have been thoroughly Convinced* 
from the relations of voyagers, that such a con- 
tinent existed, being ignorant of the compass, 
they could not possibly derive any advantage 
from such conviction. 

I acknowledge, that it is not absolutely im- 
possible for resolute men, with no other guide 
than the stars, to sail in open seas. The ancients 
wCre in {jOssession of the Astrolabe. They might 
take their departure from France or Spain, and 
^ail to the west by always keeping the polar star 
on their right hands nnd, by frequent soundings, 
they might keep nearly in the same latitude. It 
was unquestionably by keeping the pole-star on 
their left, that the Carthaginians mentioned by 
Aristotle were enabled to return from those dis- 
tant regions. But it will still be allowed, that 
a voyage of this kind must have been regarded 
as a rash and hazardous enterprise. We ought 
not, therefore, to be surprised, that the ancients 
never conceived such a project. 

With regard to the invention of the mariner’s 
compass, I have to add, that, from the testi- 
mony of Chinese authoi's, of which M. le Rouse 
aud M. dc Guignes have made an abridgment, 
it appears to- be certain, that the polarity of the 
magnetic needle has been very anciently known 
to the inhabitants of China. The ftgure of these 
first compasses was that of a man, who turned 
upon a pivot, and whose right arm pointed to 
the .south. The time of this invention, according 
to certain Chinese chronicles, was 1,1 15 years be- 
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(bfe the Christian 8Bra, 'and, according to others, 
2,700*. Blit notwithstanding the antiquity of 
this discovery, it does not appear that- the Chi* 
nese had ever derived from it the advantage of 
making long voyages. 

Homer,, in the Odyssey, tells us, that the' 
Greeks employed the loadstope to direct their 
navigation when they went to besiege Troyj 
and this sera is nearly the same with that re- 
corded in the Chinese Chronicle. Hence we can 
no longer doubt, that the direction of the load^ 
stone toward the pole^ and even the use of the 
mariner’s compass in navigation^ were known to 
the ancients at least 3,000 years ago. 

Before the expedition of Columbus, the Azores, 
the Canaries, and Madeira, had been discovered. 
It had been remarked, that, when the west winds 
continued long to blow, the sea threw upon the 
coasts of these islands pieces of strange wood, 
canes of an unknown species, and even dead 
bodies, which, by several marks, were known to 
be neither Europeans nor Africans 

Columbus himself remarked, that, on the west 
coasts, certain winds blew for some days, which 
he was persuaded proceeded from land. But, 
though he possessed all these advantages over the 
ancients, and likewise the compass, the difficul- 
ties to be encountered were so great, that nothing 
less than success could haye justified the en- 

* See I’Extrait des Antiales de la China, |^ar Mrs. Rouse 
and de Guignes. 

t See Charlevoix, tom i. p. 66. 

M S 
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tferprise. Suppose, for a moment, that the 
continent of America had been 1,000 or 1,500 
leagues more distant, a circumstance which Co- 
lumbus could not foresee, he never would have 
arrived, and perhaps this vast country might 
Still have remained undiscovered. This conjec- 
ture receives additional force, when it is con- 
sidered, that Columbus, though the ablest navi- 
gator of his age, was seized with terror and asto- 
nishment in his second voyage to the New 
World : as, in his first voyage, be found nothing 
but islands, he directed his course more to the 
south in quest of a continent ; but found himself 
stopped by currents, the great extent of which, 
and their uniform opposition to his course, obliged 
him to direct bis search more to the west. He 
imagined, that it was not currents which pre- 
vented him from advancing to the south, but that 
the Sea was rising to the heavens, and that both 
perhaps touched each other in the southern parts: 
thus, in great undertakings, the most* trifling dif- 
ficulty may sometimes turn a man’s brain, and 
extinguish his courage. 

To what I said concerning the discovery of 
.\mcrica, a critic of more judgment than the 
author of Leltres d, un Amhicain, has accused 
me of doing a kind of injury to the memory of 
so great a mao as Christopher Columbus. “ It 
is confounding,” be remarks, “ Columbus with 
his sailors, to think that he could believe the sea 
rose toward the sky, and that they perhaps 
touched each other on the southern part of the 
globe.” This criticism is extremely just. I ought 
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lo have softened this fact, which I had extracted 
from some historical relation ; for this great navi- 
gator, it is to be presumed, must have had very 
distinct notions concerning the figure of the 
earth, which he deriverl both from his own voy- 
ages, and from those of the Portuguese to the 
Cape of Good Hope and the East Indies. It is 
well known, however, that Columbus, when he 
arrived at the New Continent, thought himself at 
no .great distance from the east coasts of Asia. 
As no man, at that period, had circumnavigated 
the world, he could not know its circumference, 
and did not imagine that the earth was so exten- 
sive, as it has been demonstrated by later disco- 
veries. Besides, it must be acknowledged, that 
this first navigator toward (he west, could not fail 
to be astonished to find, that, when below the 
Antilles, it was impossible for him to gain the 
southern regions, and that he was continually 
fijrced back. This obstacle still subsists. We 
cannot, in any season, sail directly from the An- 
tilles to Guiana; because the current^ are ex-, 
tremely rapid, and constantly run from Guiana 
to those islands. Ships sail from Guiana to the 
Antilles in five or six days; but they require 
two months to return. In order to return, they 
are obliged to make a large circuit toward the 
Old Continent, from whence they direct their 
course toward the Terra Firra^ of South America. 
These rapid and perpetual currents from Guiana 
to the Antilles are so violent that they cannot be 
surmounted by the aid of the wind; and, as this 
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circumstance is unexampled in the Atlaintic 
ocean, it is not surprising that Columbus, who, 
notwithstanding all the resources of his genius 
and knowledge in the art of navigation, could 
not advance toward the southern regions, should 
think that something of a very extraordinary na- 
ture existed in this place, and perhaps that there 
was a greater elevation in this part of the sea than 
in any other j for the currents from Guiana to 
the Antilles actually run with as much rapidity 
as if they descended from a height. 

The motion of the following rivers may give 
rise to the currents from Cayenne to the Antilles. 

1. The impetuous river of the Amazons, whose 
mouth is seventy leagues broad, and its direction 
more to the north than the south. 

2. The river Ouassa is likewise rapid, has the 
same direction, and its moutli is nearly a league 
wide. 

3. The Oyapok is still more rapid than the 
Ouassa, passes through a greater tract of land, 
and its mouth is nearly of the same dimension. 

4. The Aprouak has nearly the same extent of 
course and of mouth as the Ouassa. 

5. The river Kaw is le» extensive both in its 
course and mouth ; but though it issues from a 
Savannah about twenty-five or thirty leagues 
from the sea, it is extremely rapid. 

6. The O^'ak, which is a considerable river, di- 
vides into two branches at its mouth, and forms 
the island of Cayenne. This river, at the dis- 
tance d{ twenty or twenty-five leagues, receives 
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another called Oraput ; it is very impetuous, and 
derives its source from a mountain of rocks, from 
ivhence it descends in rapid torrents. 

7. One branch of the Ojak runs, near its 
mouth, into the river of Cayenne; and these 
two river^, when united, are more thftn a 
league broad } the other branch exceeds not half 
a league. 

8. Tlie river of Kourou, which is very rapid, 
and not above half a league wide at the mouth, 
without reckoning the Macousia, which, though 
it furnishes much water, comes from no great 
distance. 

9.. The Sinamari is an impetuous river; it 
comes from a great distance, and its bed is pretty 
narrow. 

10. The river Maroui, though it be very ra- 
pid, comes from a great distance. Its mouth is 
more than a league broad, and, next to the 
Amazon, it discharges the greatest quantity of 
water. It gives rise to no islands; while the 
mouths of the Amazon and Oronoko are inter- 
sperse with a great numl)er. 

11. The rivers of Surinam, of Barbiche, of Esse- 
quebe, and some others, till we reach the Oro- 
noko, which is a very large river. 

By. the accumulations of mud and of earth, 
brought down from the mountains by these 
rivers, it should appear, all, the valleys of this 
vast continent have been formed ; in the middle 
of the continent there arc some mountains, most 
of which have formerly been volcanoes, and are 
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not sufficiently elevated to allow their summits 
to be covered with snow or ice. 

Hence it is apparent. Chat the united force of 
all these rivers gives rise to that general current 
of the sea from Cayenne, or rather from the Ama- 
zon, to the Antilles ; and that this general current 
extends, perhaps, above sixty leagues from the 
eastern coast of Guiana. 



PROOFS 


OF THE 

THEORY OF THE EARTH. 


ARTICLE VII. 

Of the Formation of Strata, or Beds in the Earth. 

W^E have demonstrated, in the first article, that 
the earth, in consequence of the mutual attrac* 
tion between the particles of matter, and of the 
centrifugal force that results from its diurnal re- 
volution, most have assumed the figure of a sphe- 
roid, the two diameters of which differ about a 
230th part; and that nothing but the clianges 
made on the earth’s surface, by the motions of 
the air and of the waters, could augment this dif- 
ference, in the manner alleged by those who 
measured a degree under the equator, and ano- 
ther within the polar circle. This figure of the 
earth, which agrees so well with the laws of hy- 
drostatics and with our theory, indicates that, 
at the time it assumed its figure, it was in a state 
of fluidity. We have also proved, that the pro- 
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jectile motion> and the motion of rotation, were 
impressed at the same time, and by the same 
impulse. It will more readily be admitted, that 
the earth was originally in a st{^e of liquefaction, 
when it is considered, that the greatest part of 
the materials of which this globe is cogiposed arc 
either vitrifications, or vitrifiable by fire. The 
impossibility of remlering the earth fluid by the 
operation of waters confirms this hypothesis; 
because there is infinitely more earth than water, 
and the water is not able to dissolve sand, rocks, 
and hard minerals. 

It is, therefore, evident, that the earth assumed 
its figure when in a fluid state: and, to pursue 
our theory, it is natural to think, that the earth, 
when it issued from the sun, had no other form 
but that of a torrent of melted and inflamed mat- 
ter; that this torrent, by the mutual attraction of 
its parts, assumed a globular figure, which its 
diurnal motion changed into a spheroid ; that, 
when the earth cooled, the vapours which were 
expanded like the tail of a comet, gradually con- 
densed, fell down in the form of water upon the 
surface, depositing, at the same time, a slimy 
substance, mixed with sulphur and salts, part of 
which was carried, by the motion of the waters, 
into the perpendicular fissures of the strata, and 
produced metals, and the rest remained on the 
surface, and gave rise to the vegetable mould, 
which abounds, in different places, with more 
or less of animal and vegetable particles, whose 
organization is not obvious to the senses. 



Thus the interior parts of the^obe were ori- 
ginally composed of vitrified matter; and, I 
believe, they continue so at present. Above this 
vitrified matter were placed those bodies which 
the fire had reduced into the smallest particles, 
as sands, Y^hich are only portions of glass ; and 
above these, pumice stones, and the scorise of 
melted matter, which gave rise to tlic different 
clays. The whole was covered with water to 
the depth of 500 or 600 feet*, which originated 
from the condensation of the vapours, when 
the earth began to cool. This water deposited 
a stratum of mud, mixed w'ith all those matters 
that are capable of being sublimed or exhaled 
by fire; and the air was formed of the most 
subtile vapours, which, fixjm their levity, rose 
above the water. 

Such was the condition of the earth, when 
the tides, the winds, and the heat of the sun, 
began to introduce changes on its furnace. The 
diurnal motion of the earth, and that of the 
tides, elevated the waters in the equatorial re- 
gions, and necessarily transported thither great 
quantities of slime, clay, and sand, and, by thus 


* This opinion^ that the earth was entirely covered with 

water, *corresponds with the sentiments of several ancient 
philosophers, and likewise with those of many of the fathers 
of the chtm:h. ** In mendi primordip, aqua in omnem terrain 
stagnabat,” says St.John of Damascus, lib. 2- cap. 9. Terra 
erat invisibilis, quia exundabat aqua et operlebat terram 
St. Ambrose, lib.l. cap. 8. **Submersa tellus cum esset, faciem 
ejus, inundante aqua, non erat adspectabilis ; ” St. Basile> 
Hotn. 2. See likewise St. Agustine, lib. i. cap 1 2. 
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elevating these parts of the earth, they perhaps 
sank those under the poles about two leagues, 
as was forracrly remarked : for the waters 
would easily reduce into powder pumice-stones, 
and other spongy parts of the vitrified matter 
upon the surface, and, by this means, excavate 
some places, and elevate others, which, in time, 
would produce islands and continents, and all 
those inequalities on the surface, that are more 
considerable towards the equator than the poles. 
The highest mountains lie between the. tropics, 
and the middle of the Temperate Zones, and the 
lowest from the polar circles towards the poles. 
Between the tropics are the Cordeliers, roost of 
the mountains of Mexico and the Brazils, the 
Great and Lesser Atlas, the mountains of the 
Moon, &c. Besides, both the land and the sea 
have most inequalities between the tropics, as is 
evident from the incredible number of islands 
peculiar to these regions. 

However independent of my general theory 
this hypothesis, concerning the original state of 
the globe, may be, I have chosen to refer to it 
in this article, with a view to show the con- 
nexion and possibility of the system endeavoured 
to be established in the first article. It may 
only be remarked, that my theory is not opposed 
by the facts ; that I take the earth nearly as it 
stands at present j and that I lay hold of nono- 
of those suppositions which are often used in 
reasoning concerning the former condition of 
the earth. But, as I here oiler a new idea upon 
this subject of the sediments deposited by the 



OF STRATA. 


173 


waters that, in my opinion, gave rise to the 
upper^ stratum of the earth, it will not be im- 
proper to exhibit tlie .reasons upon which it is 
founded. 

The vapours exhaled from the earth produce 
rain, dews, thunder, lightning, and other me- 
teors. These vapours, therefore, are mixed with 
particles of water, air, sulphur, earth, &c. ; and 
it is the solid, earthy particles which constitute 
the. slime or mud under consideration. The 
purest rain-water deposits a quantity of this 
mud } and, when a quantity of dew is collected, 
and allowed to corrupt, it produces a greater 
proportional quantity of mud, which is fat, 
unctuous, and of a reddish colour. 

The upper stratum of the earth is composed 
of this mud, mixed with particles of animal and 
vegetable substances, or rather with particles of 
stone and sand. It is worthy of remark, that 
most arable land is reddish, and more or less 
blended with heterogeneous matters. The par- 
ticles of stone or of sand found in the upper 
stratum are of two kinds 5 the one i.s gross and 
heavy, the other fine, and sometimes impal- 
pable. The gross is detached from the inferior 
stratum by labouring the ground ; or, rather, 
the upper stratum, by penetrating the inferior, 
which is composed of sand or gravel, forms 
what is called fat, or fertils sand. The finer 
species proceeds from the air, falls down with 
the dew or rain, and intimately incorporates 
with the vegetable mould, or upper stratum. 
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This last is iiothing more than the dust, trsuKK 
ported by the air, and again deposited by ram 
or a moist atmospitere. When the quantity of 
this mud is great in proportion to the particles 
of stone or sand, the soil is red and fertile ; if it 
be considerably mixed with animal, and vege- 
table substances, it is blackish; but if the quan- 
tity of mud and of vegetable and animal sub- 
stances be small, the soil is white and barren; 
and even when the particles of sand, stone- or 
chalk, which compose these barren soils, are 
mixed with a considerable quantity of animal 
and vegetable substances, they become black and 
light, but have very little fertility. According, 
therefore, to the different proportions of these 
three ingredients, the soil is more or less fertile, 
and differently coloured. 

In order to acquire distinct ideas concerning 
the strata of the earth, we shall take for an.ex- 
ample the pits at Marly-la-Ville, which are ex- 
ceedingly deep. This place is situated in a high, 
but flat and fertile country, and its strata lie ho- 
rizontally. I procured specimens of all these 
strata in. their order from M. Dalibard, an emi- 
nent botanist, and a man of science ; and, after 
having proved, with aqua fortis, the nature of 
the matters they respectively consist of,^ I ar- 
ranged them in the following table. 
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Table of the different Beds of Earth at Marly- 
la^FiUe, to the Depth of 100 Feet. 

Feet. Inch. 

1. A free reddish earth, mixed with a 

large ^quantity of mud, a little vi< 
trifiable sand, and a greater pro* 
portion of calcinable sand, or gra- 
vel 15 

2. A free earth mixed with gravel 

and with more vitrifiable sand . 2 6 

5. Mud mixed with a large quantity 
of vitrifiable sand, which made 
- but a small effervescence with 
aqua fortis 3 

4. Hard marl, which effervesced vio- 
lently with aqua fortis .... 2 

5. A marly stone very hard ... 4 

6. Marl in powder, mixed with vitri- 
fiable sand 5 

7. Fine vitrifiable sand 16 

8. Marl resembling earth mixed with 

a little vitrifiable sand .... 3 & 

9. Hard marl, in which was found 

genuine flint 3 6 

10. Gravel, or marl in powder . . 1 

11. Eglantine, a hard ringing stone of 

the grain of marble 16 

12. Marly gravel 16 

13. Marl in the form of hard stone, 

with a fine grain ..... 16 


Carried over 43 6 
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Feet. Inch. 


Brought over 43 6 

14. Marl like stone, with a coarser 

grain 1 6 


15. Marl still more gross .... 26 

16. Fine vitrifiable sand, mixed with 
fossil sea shells, which had no co- 
hesion with the sand, and which 


still preserve their natural colours 1 6 

17- Fine gravel or marl-dust ... 2 

18. Marl in the form of a hard stone . 3 6 

19. Marl in the form of coarse pow- 
der 1 6 

20. Hard stone, calcinable like marble 1 


21. A gray vitrifiable sand, mixed with 
fossil shells, particularly with oy- 
sters and spondyles, which hihd no 
cohesion with the sand, and were 

not petrified S 

22. A white vitrifiable sand, mixed 

with the same shells. .... 2 

23. A vitrifiable sand with red and 
white streaks, and mixed with 

the same shells ....... I 

24. A coarser vitrifiable sand, mixed 

with the same shells .... 1 

25.. A fine, gray,vitrifiable sand, mixed 

with the same shells .... 86 

26. A fine unctuous sand, with very 


few shells 3 

27. Brown fr^stone 3 


Carried over 78 6 



OF StRAf Ai 


177 


Feet. Inch. 

Brought over 78 6 

28. Vitrifiable sand, striped with rod 

and white 4 

S9. A white vitrifiable sand » . . 3 6 

30. A reddish vitrifiable sand » . . 15 

Total depth of the pit 101 

I formerly meutiontd, that t had examined all 
these substances with aqua fortis, because no 
other test can enable ns to make real distinctions 
between earthy bodies of the same or of different 
appearances. Those which effervesce and sud- 
denly dissolve, on the application of the aqua 
fortis, are generally calcinable. Those, on the 
other, hand, upon which that acid makes no im- 
pression, are vitrifiable. 

From this enumeration of strata it is evident, 
that the land at Marly-la-Ville was formerly 
covered with the sea, to the depth of 75 feet, 
since shells are found 75 feet below the surface^ 
Those shells have been collected and deposited 
by the water, together with the sand, which con- 
tains them ; and the whole superior strata, ex- 
cept the uppennost, have been transported thi- 
ther by the motion of the waters, and deposited 
..in the form of sediment; as is apparent from their 
horizontal position, and from the mixture of 
Sand, shells, and marl, which'last is composed of 
decayed shells: even the upper stratum has 
been almost wholly formed of slime or mud, with 
a small mixture of marl. 

VOL. I. N 
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I have chosen this example, because it is least 
favourable to my theory j for it appears, at first 
view, difficult to conceive how the mud depo- 
sited by the dew and rains should produce a bed 
of vegetable soil thirteen feet thick. But it 
' ought to be remarked, that a soil of this thick- 
ness is rarely to be found, especially in high 
countries. The general run of soils is from 
three to four feet, and often they exceed not 
one foot. The soil is thickest in plains sur- 
rounded with hills ; because the rains daily bring 
fresh supplies from the higher grounds. But, 
abstracting from this supposition, it is plain, that 
the upper strata formed by the sea are thick 
beds of rnari^ It is .natural to think, that the 
Upper stratum was originally much thicker, 
and that, beside the thirteen feet, the sea would 
leave a considerable quantity of tnarl. But this 
marl, being exposed to the action of the air, of 
rains, and of the rays of the sun, would soon be 
reduced into a fine powder. The sea would 
not leave this land suddenly, but would con- 
tinue f<^ some time occasionally to cover it, 
either by the motion of the tides, or by extra- 
ordinary swells daring great Storms; and, of 
course, the upper stratum would be mixed with 
mud, clay, and other slimy bodies. After be- 
ing entirely above the reach of the waves, plants 
would begin to grow, and the soil would 
constantly accumulate, and be tinged with a 
reddish colour by the mud deposited by dews 
and rain. Culture would still farther increase 
both its fertility and its thickness, and, by al- 
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lowing the dews and rains to penetrate deepef, 
would in process of time produce this soil of thir- 
teen feet. 

I shall not here examine, whether the reddish 
colour of vegetable mould proceeds from a quan- 
tity of iron contained in the mud deposited by 
rain and Jews. This point, which is of some 
importance, shall be discussed when we come 
to treat of minerals. It is sufficient to have given 
a vjew of the manner in which the upper stra- 
tum has been formed : we shall now prove, by 
other examples, that the formation of the in- 
terior strata of the earth must likewise have ori- 
ginated from the operation of the waters. 

The upper stratum of the globe, says Wood- 
ward, that magazine for the formation and sup- 
port of animals and vegetables, is mostly com- 
posed of vegetable and animal matter, and is in- 
perpetual fluctuation. All the animals and ve- 
getables which have existed since the creation, 
have successively extracted from this stratum the 
-materials of which their bodies are constructed ; 
these they again restore at their dissolution, where 
they remain prepared for the successive forma- 
tion of new bodies of the same species ; the mat- 
ter which forms one body being naturally dis- 
posed, to make another of the same kind*. In 
uninhabited countries, where the woods are 
never cut, nor the herbs broused by cattle, the 
soil is constantly augmenting*. The soil, in all 
woods, even in those which are occasionally, cut. 


* See Woodward’s Essay, p. 130. 
N 3 
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is from six to eight feet thick, and has originated 
from the leaves, and other decayed parts of ve- 
getables. I have often remarked, tliat, upon ai» 
old Roman vv.ay which runs across Burgundy, 
the Slones with which it was constructed are 
covered with a black mould <.'f more than a foot 
thick, and lha? it nourishes trees of a consider- 
able size. This soil could only be produced by the 
gradual and successive destruction of vegetable 
bodies. As vegetables derive more of their sub- 
stance from the air and water than from the 
earth, when they deca}^ they add more to the 
soil than they extracted from it. Besides, forests 
collect and retain vapours and moisture; and, 
of course, in old woods, the soil is greatly aug- 
mented. But, as animals restore much less to 
the earth than they take from it ; and, as men 
consume vast quantities of wood and herbs for 
fewel and other purposes, it follows, that the ve- 
getable soil of populous countries must conti- 
nually diminish, and become, in time, like those 
of Arabia Petrea and otlier eastern countries, 
which were first inhabited, where nothing is now 
to be found but sand and. salts: for the fixed 
salts of plants and of animals remain, w'hile all 
the other parts volatilize, and are carried off by 
tlie air. 

Let us next examine the position and forma- 
tion of the interior strata. The earth, says Wood- 
ward, wherever it has been dug, is composed 
of beds or strata, one above another, in the 
same manner as if they had proceed^ from 
successive sediments deposited by water. The 
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beds which lie deepest are thicker than those im- 
mediately above them, and they are gradually 
thinner till they arrive at 4he surface. Sea 
shells, teeth, and bones of fishes, are found in 
these beds, and not only in those which are soft, 
as chalk, play, and naarl, Imt even in beds of 
hard stone, marble, &c. These productions of 
the sea are incorporated with the stone, and, 
when separated, leave in the stone the ^gure of 
their surface exactly delineated. “ I was abun- 
dantly assured,” says this author, “ that the cir- 
cumstances of these things in remoter countries 
were much the same with those of ours here: 
that- the stone, and other terrestrial matter, in 
France, Flanders, Holland, Spain, Italy, Ger- 
many, Denmark, Norway, and Sweden, was dis- 
tinguished into strata, or layers, as it is in Eng- 
land : that those strata were divided by parallel 
fissures: that there were inclosed in the stone, 
and all the other denser kinds of terrestrial mat- 
ter, great numbers of shells, and other produc- 
tions of the sea ; in the same manner as in that 
of this island. To be short, by the same means 
1 got sufiicient intelligence that these things 
were found in like manner in Barbary, in Egypt, 
in Guiney, and other parts of Africa: in Arabia, 
Syria, Persia, Malabar, China, and other Asiatic 
provinces: in Jamaica, Barbadoes, Virginia, 
New England, Brasil, Peru, and other parts of 
America.” pp. 6, 41, 42, &c. 

Woodward gives no authority for his asser- 
tion, that shells are found in the strata of Peru. 
But as, in general, his facts are true, 1 doubt not 
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but his information has been good ; and I am 
persuaded that shells exist in the strata of Peru, 
as well as every where else. I make this re- 
mark on account of a doubt which has been 
entertained, and which shall afterwards be con- 
sidered. 

Ill digging a well at Amsterdam, 252 feet 
deep, the strata were arranged in the following 
order: 7 feet of vegetable soilj 9 feet of turf; 

9 feet of soft clay ; 8 feet of sand ; 4 of earth ; 

10 of clay; 4 of earth; 10 of sand; 2 of clay; 
4 of small white sand ; 5 of dry earth ; 1 of soft 
earth; 14 of sand; 8 of clay mixed with sand; 
4 of sand mixed with shells ; then 102 feet of 
clay; and, lastly, 31 feet of sand*. 

It is uncommon to dig so deep before we find 
water : but this fact is remarkable in many other 
respects. 1st, It demonstrates that the sea com- 
municates not with the interior parts of the 
earth by means of filtration : 2d, That shells are 
found 100 feet below the surface in a country 
extremely low ; and, consequently, that the land 
of Holland has been elevated 100 feet by the 
sediments of the ocean: 3d, It may be con- 
cluded, that the bed of clay of 102 feet, and 
the bed of sand, 31 feet of which only had been 
dug, and whose actual thickness is unknown, lie 
near to tiie ancient and original earth, that ex- 
isted before the motion of the waters bqgan to 
change its surface. In. the firat article, it was 
remarked, that, in order to discover the ancient 


• See Varenii Geograph. Gen. p. 46 . 
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earth, we' must dig in the northern, rather than 
in the southern regions; and in the low and 
plain, rattier than in the elevated countries. 
These circumstances nearly concurred in the pre- 
sent case. We only wished that the pit had been 
dug deeper, and that the author had informed 
us, whether shells, or other sea bodies, were in- 
termixed with the last strata of clay and of sand. 
This experiment conlirnis what was formerly ad- 
vanced, that the strata are always thicker in pro- 
portion to their depth. 

We have some examples of quarries and pits 
of considerable depths, of which the different 
strata have been examined and described ; such 
as the pit Amsterdam, which descends 332 
feet, and that of Marly-la- Ville, which is 100 feet 
deep. Many other examples might be given, if 
observers had agreed in their denominations. But 
some give the name of marl to white clay ; 
others apply the term flint to round calcareous 
stones ; and others give tlie denomination of .rand 
to calcareous gravel. Hence little advantage 
can be derived either from tlieir researches or 
their long dissertations on these subjects; be- 
cause we are under a perpetual uncertainty with 
regard to the nature of the substances they de- 
scribe. We shall, therefore, confine ourselves to 
the following examples. 

An excellent observer has written to one of 
«ny friends, in the following terms, concerning 
the strata in the neighbourhood of Toulon ; “ To 
the north of the city of Toulon,” he remarks, 
” there is an immense quantity of stony matter. 
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which occupies the declivity of the chain of 
mountains, and stretches through the valley from 
east to west; and one part of it forms the soil of 
the valley, and loses itself in the sea. I'his 
stony matter is commonly called suffre ; but it 
js that species of tufa which is denominated 
marga toffacea fistulosa by naturalists. M. Guet- 
tard desired me to furnish him with all the in- 
formation I could obtain concerning this saffre, 
as well as specimens of the matter itself, that ,he 
might examine it, and give a detail of its qua- 
lities in his memoirs. I sent them both; and I 
believe I have satisfied him ; for he has thanked 
me for the information 1 communicated. He 
tells me, that he is to return to Provence and 

Toulon in the beginning of May 

M. Guettard, however, will probably give us no- 
thing new upon this subject ; for M. de Buffon 
has exhausted it in the first volume of his Na- 
tural History, under the article. Proofs of the 
Theory of the Earth; and it appears, that, in 
composing this article, he had in his eye the 
mountains of Toulon and their ridge. 

“ At the commencement of this ridge, which 
consists of a more or less hard tufa, we find, in 
small cavities of the nucleus of the mountain, 
quantities of very fine sand, which are probably 
the balls mentioned by M. de Buffon. After 
breaking other superficial parts of the nucleus, 
we find numbers of sea shells incorporated with 

the stone I have several of these shells, 

the enamel of which is well preserved. I will 
send them soon to M. de Buffon.” 
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M. Guettard, who has made more observa- 
tions of this kind than any other naturalist, ex- 
presses himself in the following terras, when he 
treats of the mountains in the neighbourhood of 
Paris *. 

Below, the vegetable soil, which exceeds not 
two or three feet, is placed a bed of sand from 
four or six to twenty, and often thirty feet thick. 
This bed is commonly replete with stones of the 

nature of grind-stone In some districts, 

we meet with detached masses of free-stone in 
this sand bed. 

** Below this sand, we find a tufa, from ten 
or twelve, to thirty, forty, and even fifty feet 
thick. This tufa is not commonly of one equal 
thickness. It is frequently cut by different strata 
of spurious or clayey marl, of the cos which the 
workmen call tripoli, or of good marl, and even 

by small beds of pretty hard stones Under 

this bed of tufa are found those which furnish 
stones for building. These beds vary in thick- 
ness : at first, they exceed not one foot. In some 
districts, three or four of them lie above each 
other. They are succeeded by one of about ten 
feet, both the surface and interior parts of which 
are interspersed with moulds or impressions of 
shells.. It is followed by another about four feet, 
which rests upon one from seven to eight, or ra- 
ther upon two of three or four feet. After these 
beds, there are several others, which together 

* Lettre tie M. Bussy 4 M. Guenaad de MontbeilUrd, 
Toulon, Avril 16, 1775. 
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form a mass of at least three fathoms. This 
mass, after {)ierciDg a bed of sand, is sncccedcd 
by clays. 

“ This bed of sand is earthy and reddish, and 
is from two and a half to three feet thick. After 
this comes a bed of spurious clay of a blueish 
colour i it ' is a clayey earth mixed with sand ; 
the thickness of this bed is about two feet, and 
is followed by another of five, which consists of a 
smooth black clay, the broken portions of which 
are nearly as brilliant as jet. Lastly, this black 
clay is succeeded by a blue, which forms a strar 
turn from five to six feet thick. In these dif> 
ferent clays we find pyrites of a pale yellow co- 
lour, and of various figures. . . . The water found 
below all these clays prevented us from penetrat- 
ing any deeper.” 

The strata in the quarries of the district of 
Moxouris, above the suburb of Saint-Marceau, 
are disposed in the following order. 


Feet. Incheif- 


1. Vegetable soil 

** 2. Tufa . . . . . 

3. Sand . . . . . 

“ 4. Yellowish earth . . . . 

** 5. Tripoli ; that is, a white, fat, com- 
pact earth, which hardens when 
exposed to the sun, and marks 
any substance in the same man- 
ner as chalk 

” 6. Flints, or a mixture of greasy 
sand . . . . . 

** 7* Rock 


1 

12 

18 

12 


30 

12 

2 
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FeeL Inchef. 

** 8. A stratum of small stones, from 

one to two feet . . 3i 

9. Two strata of stone, which dis- 
solve hy the operation of the 
airland weather . . .1 

10. Earth and gravel . . .16 

** 11. Free-stone . , . .16 

12. Very hard lime-stone , . 1 

** 13. A greenish stratum . .16 

“ 14. A tender calcareous stone, which 
forms two strata, one of eighteen 
inches, add the other of two 

feet 3 6 

** 15. Several small beds of bastard cal- 
careous stone. They precede 
the sheet of water, common in 
pits. This sheet the diggers 
are obliged to remove before 
they can obtai n the potter’s clay, 
which lies between two waters*. 

In all . . . . 99 ” 

1 have given this specimen for want of a bet- 
ter ; for the uncertainties with regard to the na- 
ture of the different strata are apparent. We 
cannot, therefore, be too anxious in recom- 
mending to observers to be more exact in de- 
fining the nature of those materials they attempt 
to describe. They may at least distinguish them 
into vitrescent and calcareous, as in the following 
example. 


* Mem. de I’Acad. dcs Sciences, ann^e 17JI0. 
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The soil of Lorrain is iliviHed into two great 
zones: the eastern, which covers the chain of 
VogeSy which are- primitive mountains composed 
entirely of vitrifiuble and crystallized matters, 
as granite, porphyry, jasper, and quartz, disposed 
in detach'.'d blocks or groups, and not in regular 
strata or beds. In all this chain of mountains, 
there is not the smallest vestige of any marine 
production ; and tiie hills which proceed from 
them consist of vitrifiable sand. Where they 
terminate, and upon a continued bounding line 
of their descent, the other zone commences, 
which is totaUy calcareous, disposed in hori- 
zontal beds, and replete, or rather compklely 
formed, of sea bodies *. 

The banks and beds of the earth in Peru are 
perfectly horizontal, and correspond sometimes 
at a great distance in different mountains, most 
of which are tw'o or three hundred fathoms 
high. They are in general inaccessible, and 
often as perpendicular as walls, which gives us 
an opportunity of perceiving the extremities of 
their horizontal strata. When any of them 
happen to be round and detached from others, 
each bed appears like a very flat cylinder, or a 
section of a cone of no great height. These dif- 
ferent beds, placed one above another, and dis- 
tinguished by their colour and various contours, 
often resemble a regular and artificial structure. 
In this country, we see the mountains perpo 


* Note communirated to !\I. <Ip. Tluitpu, par M. I’.Alibt 
Bexon, March 15, 1777. 
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tually assuming the appearance of ancient and 
sumptuous palaces, of chapels, of castles, and 
of domes. They are sometimes fortifications 
composed of long curtins, and defended with bul- 
warks. After examining these objects, and the 
correspondence of their strata, we can hardly en- 
tertain a doubt, that the circumjacent land has 
not, at some period, been really sunk. It ap- 
pears, that those mountains, whose bases were 
most solidly supported, remained as monuments 
to indicate the height which the soil of these 
countries anciently possessed*. 

The Mountain of Birds, called in Arabic Ge~ 
beliter, is so equal from top to bottom, for the 
space of half a league, that it rather resembles a 
wall regularlv built by the hands ofinun, tlian a 
rock formed in this manner by the operation of 
Nature. The Nile washes this mountain a long 
way; and it is distant from Cairo in Upper 
Egypt four and a half days’ journey 

To these observations, I shall add a remark 
made by most travellers, that, in Arabia, the 
soil is of various natures. The region nearest 
to Mount Libanus presents nothing but broken 
and overturned rocks, and is called Arabia 
Petrea. ’Bhe removal of the soil, by the move- 
ment jof the waters, has rendered this country 
almost totally barren; whilst the lighter mud, 
and all the good earth, have, been carried to a 
greater distance, andj deposited in that part of 

* Bouguer, Figure de la Terre, p. SP. 

' f Voyage du P. Vansleb. 
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the country called Arabia Felix. Besides^ the 
revers in Arabia Felix, as well as every where 
else, are more rugged toward the African Sea, i. e. 
to the west, than toward the Red Sea, which is 
on the east. 

The earth consists of parallel and, horizontal 
strata, not in the plains only, but, in genera], the 
hills and mountains have the same structure. 
The strata of the mountains are even more con- 
spicuous than those of the plains ; for the plains 
are commonly covered with great quantities of 
sand and earth brought from the higher grounds 
by the waters; and, therefore, to find the ancient 
strata, we must dig deeper in the plains than in 
the mountains. 

1 have often remarked, that, when the top of 
a mountain is level, its strata are likewise level ; 
but, when the top is not horizontal, the strata 
follow the direction of its declivity. It has fre- 
quently been alleged, that the beds of quarries 
incline to the east. But in all the chains of 
rocks which I have examined, I found, that 
these beds always follow the declivity of the hill, 
whether its direction be east, west, south, or 
north. In raising stones from the quarry, they 
are always separated according to their natural 
position ; and, if cut in a contrary direction, it is 
impossible to raise them of any considerable size. 
In all good masonry, the workmen place the 
stones ill the direction in which they lay in the 
quarry ; if laid in an opposite position, they will 
split, and be unable to resist the weight of the 
incumbent building. Hence we may conclude. 
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that stones have been originally formed in hori- 
eontal beds ; that these beds have been succes- 
sively accumulated above each other, and have 
been composed of materials, the resistance of 
which is stronger in that than in any other di- 
rection. 

Every stratum, of whatever kind, whether it 
be horizontal or inclined, is of an equal thick- 
ness through its whole extent. In the quarries 
round Paris, the stratum of good stone is hut 
about 18 or SO inches thick throughout. In tiic 
quarries of Burgundy, the stone is much thicker. 
The same inequalities take place in maibles. 
The .white and black marbles are thicker than 
those that are coloured; and there is a hard 
stone with which the people of Burgundy cover 
their houses, that exceeds not an inch in thickness. 
Thus, different strata differ much with regard to 
thickness ; but each stratum uniformly preserves 
the same thickness through its whole extent. 
This difference is so great, that strata are to be 
found from less than a line, to 1, 10, SO, 30, 
and 100 feet thick. Both ancient and modern 
quarries, which are dug horizontally, the shafts 
of mines, and the working of lead, either longi- 
tudinally or transversely, prove that strata ex- 
tend great way on all sides. ** It is well 
known,” as the historian of the academy ob- 
serves, “ that all stones have originally been a soft 
paste, and that, as stonea are almost every where 
to be met with, the surfac^ of the earth in all these 
places, at least to a cei^tain depth, must have 
consisted of mud and 'slime. The shells found 
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in most quarries demonstrate, that this mud 
was an earth diluted by the water of the sea ) 
and, consequently, that the sea once covered 
all these places} but the sea could not cover 
them, without, at the same time, covering all 
places that were lower, or on the same level. 
Now, it is impossible that the sea could co\'er 
all those places where there are quarries, with* 
out covering the whole surface of the globe. 
If the mountains were then formed, the^ sea 
must also have covered them ; for they are full 
of rocks and quarries, and shells are often found 
in them. 

“ The sea, then,” continues he, “ covered the 
whole earth j and hence all the beds of stone 
in the plains arc horizontal and parallel : the 
fishes, therefore, were the most ancient inha- 
bitants of the globe; for neither land animals 
nor birds could exist. But how has the sea 
retired into those vast basons which it now oc- 
cupies? The most natural supposition is, that 
the earth, at je.’,.st to a certain depth, was not 
all equally solid, but interspersed with vast 
vaults or caverns, the arches of which would 
remain for a time, and at last suddenly fall in. 
The waters would then rush into these hollows, 
fill them up, and leave a part of the surface 
dry, which would become a convenient habi- 
tation for land animals and birds. The shells 
found in quarries strongly confirm this idea; 
for nothing but the bony parts of fishes could 
be preserved so long in the earth. Besides, 
shells commonly lie in vast masses in certaii\ 
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parts of the sea, where they remain immove- 
able, and form a species of rocks or banks; 
they could not, therefore, follow the sea, which 
suddenly abandoned them. It is for this last 
reason that we find such numbers of fossil- 
shells, and ^o few vestiges of other fishes, which 
is a farther proof that the waters retired with 
rapidity into their present basons. When the 
vaults sunk down, it is very probable that 
mountains were elevated by the same cause, 
and placed upon the surface with rocks and 
quarries already formed. But the beds of these 
quarries could not preserve their original ho- 
rizontal position, unless they were raised ex- 
actly perpendicular to the surface, which would 
rarely happen. Thus, as we formerly remarked 
the beds of stones in mountains are all inclined 
to the horizon, though they be parallel to each 
other ; for they changed not their position with 
regard to one another, but with regard only to 
the surface of the earth f. 

These parallel beds of earth or of stone, which 
have been formed by sediments of the ocean, 
often extend to considerable distances. We even 
find, in hills separated by valleys, beds of the 
same materials upon equal levels. This obser- 
vation- has a perfect correspondence with the 
equal altitudes of opposite hills. The truth of 
this fact may be easily established; for, in all 

* See Mem. de I’Acad. ann. 1705, p. 90. 

f Ibid. ann. 1710, p. 14. 

VOL. I, O 
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hills separated by narrow valleys, where stone 
or marble is found on one hill, we uniformly 
find these very substances, at the same level, on 
the opposite hill. I have traced a quarry of mar- 
ble twelve leagues in length; its breadth is also 
considerable, thougli I have not been able to as- 
certain it with precision. I have often observed, 
that this bed of marbie has every where the same 
thickness ; and that, in hills separated by a val- 
ley of 100 feet deep, the same bed always ap- 
peared at the same altitude. I am firmly per- 
suaded, that this observation holds with regard 
to all quarries of stone or of marble which con- 
tain shells ; but it applies not to beds of free- 
stone. We shall afterwards explain why free- 
stone is not dispersed, like other matters, in ho- 
rizontal beds, but in blocks, irregular both in 
form and position. 

It has likewise been remarked, that, on the 
opposite sides of straits of the sea, the strata are 
the same. This observation is important, and 
may lead to the discovery of those necks of land 
or islands which have been separated from the 
Continent. It proves, for example, that Eng- 
land has been separated from France, Spain from 
Africa, and Sicily from Italy : and it is to be 
regretted, that the same observation has not been 
made upon all straits. I have no doubt but it 
will hold universally. We know not, whether, 
in the Straits of Magellan, the longest we are 
acquainted with, the same strata are to be found 
at the same latitude. But we perceive, from 
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Very exact charts, that the opposite coasts, which 
are high, have corresponding angles, like those 
observable in our inland moiintains; and this 
farther proves Terra del Fuego to have been for- 
merly a part of the Continent of America. The 
same remark has been made with regard to the 
Strait of Frobisher; and the island of Friesland 
appears to have been separated from the Conti- 
nent of Greenland. 

The Maldivia islands are separated from each 
other by small branches of the sea ; and, on each 
side of the opposite islands, the strata of rocks, 
&c., are the same. These islands, which, when 
taken together, extend about QOO leagues in 
length, were formerly one. They are divided 
into 13 provinces, called Clusters. Every Cluster 
contains a great number of small islands, most 
of which will soon be under water. It is re- 
markable, that each of these 13 Clusters is sur- 
rounded with a chain of rocks of the same stone, 
and that there are only three or four small and 
dangerous openings, through which each of them 
can be approached. Tliey are all placed in a 
line, with their ends to each other, and appear 
evidently to have been once a long mountain 
crowned with rock *. 

Several authors, as Verstegan, Twine, Som- 
mer, but piuticularly Campbell, in his descrip- 
tion of the county of Kent, give striking proofs 
that England was formeriy joined to France* 


* See V«yag. 4e Ptaac. Pymd, vq\ i. p. 107. 
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and that the neck of' land that divides them hacf 
been carried off by the sea, which retired, and 
left agreatquantity of low marshy ground along the 
southern coasts of England. As a farther proof 
of this fact. Dr. Wallis has attempted to show an 
affinity between the anient language of the 
Gauls and that of the Brifains ; and he adds seve- 
ral other remarks, which shall be related in the 
following articles. 

If travellers observed the figure of lands, tlie 
position of mountains, and the windings of rivers, 
they would perceive that opposite hills are 
not only composed of the same materials at the 
same altitudes, but that tliey are also nearly of 
an equal height. In all the places where I have 
travelled, I uniformly remarked this equality in 
the height of opposite hills, especially when they 
are separated by valleys not above a fourth or a 
third of a league wide. In valleys of greater 
width, it is difficult to judge of the height or 
equality of hills ; for, on looking over a level 
and extensive plain, it appears to rise ; and dis- 
tant bills seem to sink. But this is not the place 
to account for these pbaenoraena. Besides it is 
not easy to determine by the eye the middle of a 
large valley, unless it be traversed by a river. 
But, in narrow valleys, the judgment of tlfe eye 
is more certain. That district of Bursrundv 
comprehended between Auxerre, Dijon, Autun, 
and Bar-sur-seine, of which a considerable por- 
tion is called le Bailliage de la Montagne, is one 
of the most elevated parts of France. From*one 
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.•fide of these mountains, which are only of the 
second order, the water runs to the ocean, and, 
from the other, to the Mediterranean. There are 
points of partition, as at Sombernon, Pouilli in 
Auxois, &c., where the water may be turned at 
l)leasure ejther to the ocean or the Mediterra- 
nean. This high country is intersected with a 
number of small valleys, and most of them are 
watered with rivulets. Here I have a thousand 
times observed the corresponding angles of the 
hills, and their equality as to height; and I can 
with confidence affirm, that the salient or promi- 
nent angles are uniformly opposed to the concave 
ones', and that the heights of the two sides are 
nearly the same. The farther we advance in this 
high country, where are the points of partition 
mentioned above, the mountains rise the higher. 
But this height is always the same on the opposite 
sides of the valleys, and the hills rise or fall 
equally. The same obseiwation I have repeat- 
edly made in several other provinces of France; 
but they extend not to very high mountains; 
for these are more irregular as to height, and often 
terminate in unequal points or peaks. In fre- 
quently traversing the Alps and Appennines, I 
observed that the angles, in effect, corresponded : 
but tl>at it is almost impossible to judge by the 
eye, concerning the equality or inequality in the 
heights of opposite mountains ; because their 
tops are lost in the clouds. 

The different strata composing the earth are 
not arranged according to their specific gravities. 
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Beds of heavy matter are frequently placed 
above those of lighter. Solid rocks are often 
supported by beds of earth, clay, or sand, which 
are greatly inferior in specific gravity. Tliis is 
the case with most hills, and is easily perceived. 
But, in high mountains, the summits are not 
only rocks, but these rocks are supported by 
others ; and this structure runs through such an 
extent of country, where one mountain rises out 
of another, that it is difficult to determine whe- 
ther they are founded on earth, or of what na- 
ture this earth is. I have seen rocks cut perpen- 
dicularly for some hundreds of feet; but these 
rocks rested upon other rocks, without my be- 
ing able to perceive where they ended. May 
we not, however, be allowed to conclude from 
the less to the greater ? Since the rocks of small 
mountains, the bases of which are visible, rest 
upon earths less heavy and less solid than stone, 
is it not reasonable to think, that earth is like- 
wise the basis of high mountains ? ^ Besides, all 


* I acknowledge that this conjecture, derived from ana- 
logy, is not sufficiently founded. The conjecture hazarded 
above was written thirty-four year^ ago. Since that time, 
I have acquired ideas and collected fads which convince me 
that the great mountains, composed of vitrescent* materials, 
and produced by the action of primitive fire, aYc con- 
nected immediately with the interior rock of the globe, 
whicli is also a vitreou^ rock of tlie same kind. These great 
mountains are a part of this immense rock, and are only pro- 
longations or eminences formed upon the surface of the globe, 
at the time of its consolidation. Hence we ought to regard 
them as constituent parts of the original mass of the earlli. 
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I have here advanced tends to prove, that heavy 
bodies might be accumulated, by the motion of 
the waters, above light ones ; and, if this really 
takes place in most hills, it is probable that it 
has happened in the manner pointed out by my 
tlieory. Put, should it be objected, that 1 had 
no reason to suppose, that, prior to the forma- 
tion of mountains, the heavier matter was below 
the lighter ; I answer, that I affirm nothing with 
regard to this article; because there are many 
ways by which this effect might be pro- 
duced, whether the heavy matter was above or 
below, or placed indiscriminately: for, in order to 
conceive how the sea could first form a moun- 


But the hills, or smaller mouatains, which rest upon clay or 
vitrihable sand, have been formed by the motion and sedi- 
ments of the waters, at a time long posterior to the forma- 
tion of the great mountains by the primitive fire *, It i 
in these points or projections, which form the nucleus of 
mountains, that tha veins of metals, though their height be 
considerable, are not of the highest kind, but of a mean 
Jieiglit and uniformly arranged, i, e. they rise by gradual 
elevations, and are connected with a considerable chain 
of mountains, which are occasionally interrupted by valleys. 

* The intornal parts of the primitive mountains which I have 
penetrated, either in pits or in the galleries of mines, to the depth 
of twelve and fifteen hundred feet, are entirely composed of pure 
vitreous lock, in which there are slight and irregular fissures, 
through which the water issues, and vitriolic and metallic solutions. 
From thii: fact we may conclude, that the whole nucleus of these 
mountains ia a pure rock, adhering to^the primitive mass of the 
globe. Wc indeed find, upon their sides, and upon the margins of the 
valleys, masses of clayey earth, and banks of calcareous stones, at 
considerable depths. But these are only the remains of those mate- 
rials which tilled up the cavities of the earth, and must be ro- 
fcried to the second epoch of Nature . — Note communicah'tl by 
iinguon to M, de Bnffon, Avg. 6, 1777. 
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t?iin of clay, and then crown it with rocks, we 
have only to consider, that the sediments might 
be transported from different places, and that 
they might consist of different materials. The 
sea .might transport from one place several sedi- 
ments of clay, and afterwards deposit^ sediments 
of stony matter; either because all the clay at 
the bottom, or on the coasts, was exhausted, 
and then the waves would attack the rocks ; or, 
rather, because the first sediments were trans- 
ported from one place, and the last from a dif- 
ferent one. Besides, the latter corresponds ex- 
actly with experience; for, it is a known fact, 
that beds of earth, stone, gravel, sand, &c., fol- 
low no rule of arrangement, but are placed in- 
differently, and, as it were, by chance, one above 
anothe*-. 

This chance, however, ought to have some 
rules, which can only be discovered by analogy 
and probable conjecture. We have seen, that, 
according to my theory of the formation of the 
globe, its interior parts should consist of vi-* 
trifled matter, similar to vitrified sand, which is 
only the fragments of glass, and of which the 
clays are the scoriae, or decomposed parts. 
Agreeable to tliis supposition, the centre of the 
earth, and even near the surface' itself, slmnld 
be composed of glass or vitrified matter, and 
above this should be found sand, clay, and other 
scoriae. Thus, the earth, in its original state, 
was a nucleus of glas.s, or of vitrified matter, 
either compact like glass, or divided like sand 
(for that circumstance depends on the degree of 
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Ue^t applied) ; above this matter was sand ; and, 
last^I)^ clay. The soil, or external covering, was 
produced frojgn the air, and the mud of water ; 
and it is more or less thick according to the 
situation of the ground ; more or less coloured, 
according ^to the different mixtures of mud, sand, 
clay, and the parts of decayed animals and ve- 
getables; and more or less fertile, according to 
the abundance or deficiency of these parts. To 
show that this account of the formation of sand 
and clay is not altogether imaginary, I shall add 
a few remarks. 

I suppose the earth, in its first state, to have 
been a spheroid of compact glass, covered with 
a thin crust of pumice-stone, and other scoriae 
of melted matter. The agitation of the air and 
of the water would soon reduce this crust of 
pumice into powder or sand, which, by uniting 
into masses, would give rise to free-stone and 
fiints, the varieties of which, with regard to co- 
lour and density, depend upon the different de- 
grees of fineness of the sand that composed 
them. 

The constituent parts of sand unite by the 
application of fire, become very hard, compact, 
and more or ^ss transparent, according to the 
purity of the .sand: but, on the other hand, 
when exposed to the action of the air, it. exfo- 
liates, falls down in the form pf earth, and may 
thus produce clays of different kinds. This dust, 
which is sometimes yellow, sometimes brilliant, 
and is used to dry writings, is nothing else than 
a fine sand, somewhat corrupted, and nearly re- 
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duced to an elementary state. Its particles, in 
time, become so attenuated and divided, that 
they lose the power of reflecting light, and ac- 
quire all the properties of clay. On examining 
a piece of clay, many of these shining or talky 
particles appear; because they have npt yet en- 
tirely lost their original form. Sand, therefore, 
in process of time, may produce clay ; and this 
clay, by a farther division, acquires the qualities 
of mud or slime, a vitriflable matter of the same 
nature with clay. 

This theory is confirmed by daily experience. 
In washing sand, the water becomes impreg- 
nated with a black, soft, fatty earth, which is a 
genuine clay. The mnd swept from streets paved 
with free-stone, is black and very fat, and, when 
dried, it discovers itself to be an earth of the same 
nature with clay. Clay, taken from places where 
there is neither flint nor free-stone, and diluted 
with water, always precipitates a great quantity 
of vitriflable sand. 

But, what clearly demonstrates the existence 
of sand, and even of flint and glass, in clay, is, 
that the re-union of its parts, by the action of 
fire, restores it to its original form. Clay, when 
heated to the degree of calcinatjpn, is coveredf 
with a hard coat of enamel; if its internal -parts 
are not vitrified, they become so extremely hard 
as to resist the file; they strike fire with the 
hammer, and acquire all the properties of flint : 
a great degree of heat melts and cohverls thepi 
into real glass. 

Clay and .sand, therefore, are substances ?)er- 
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fectly analogous, and of the same kind. If clay- 
can be condensed to flint, and even to glass, why- 
may not sand, by resolution, become clay ? 
Olass appears to be the true elementary earth, 
and all mixed bodies are only glass in disguise. 
Metals, njiiicrals, salts, &c., are only a vitriflable 
earth : common stone, and other analogous bo- 
dies, testaceous and crastaceous shells, &c., are 
the only substances which cannot be vitrified, 
and which seem to form a distinct class. I 
had not then made those experiments which 
have since convinced me, that calcareous sub- 
stances, like all others, may be reduced to glass. 
To produce this effect, nothing more is neces- 
sary than a fire more violent than that of our 
common furnaces. I reduced lime-stone to glass 
by a good burning glass. Besides, M. d’Arcet, 
an able chemist, melted calcareous spar, without 
the addition of any other matter, by means of a* 
porcelain furnace belonging to M. le Compte de 
Lauragais. But these operations were performed 
several years after the publication of iny Theory 
of the Earth. I knew only that, in the' iron fur- 
naces, the light, white, spongy matter, similar to 
pumice-stone, which issues from them when over- 
heated, is nothing but a vitreous substance, pro- 
ceeding from the calcareous bodies thrown into 
the furnace to assist the fusion of the iron ore. 
The sole difference between the vitrification of 
calcareous and vitrescent substances is, that the 
latter are immediately vitrified by the action of a 
violent fire alone j but calcareous bodies, before 
they are vitrified, pass through a state of calci- 
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nation, and form a line. But, like all other sub- 
stances, they vitrify, even in our common fur- 
naces, whenever they are mixed with vitrescent 
matters, especially with those which, like the 
aubiicy or slimy earth, yield most easily to the fire. 
Hence we may safely conclude, that, in general, 
every material of which this globe is composed, 
may be reduced to its p/imitivc state of glass, 
if a sufficient degree of heat is applied. The 
former, by the action of fire, may be converted 
into a homogeneous, hard, and transparent sub- 
stance, without any diminution of its weight, 
and upon which no farther change can be made. 
The latter, on the contrary, which consist of 
more active and volatile principles, calcine in 
the fire, lose more than a third of their weight, 
and resume the form of simple earth, witiiout 
any other change than the resolution of their 
•constituent parts. If these bodies be excepted, 
which are few in number, and of which the 
combinations produce few varieties in nature, 
all other substances, and particularly clay, may 
be converted into glass, and, consequently, are 
only glas.s in a decomposed state. If fire quickly 
vitrifies these substances, glass itself, whether 
simple or in the form of sand or flint, naturall}’’, 
but by a slow and insensible progress, resolves 
into clay. 

In countries wh^rc flint is the predominant 
stone, the fields are commonly strewed with its 
fr.ngmcnts: if the place be uncultivated, and 
il‘ the flints have remained long exposed to 
the air without being moved, their upper sur- 
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face is always white; but the surface next the 
ground preserves its natural "colour, which is 
very brown. When these flints are broken, the 
whiteness appears to be not superficial only, but 
penetrates more or less into their internal parts, 
and forms* a belt, which in some- is not very 
deep, but in others occupies nearly the whole 
stone. This white part is somewhat granulated, 
perfectly opaque, as tender as free- stone, and 
adlieres to the tongue like the boles. But the 
other portion of the flint is smooth and polished, 
, has neither thread nor grain, and preserves its ori- 
ginal colour, its transparency, and its hardness. 
When this half decomposed flint is -put into a 
furnace, the white part becomes red like a brick, 
and the brown part becomes exceedingly white. 
Why shall we conclude, with a famous natu- 
ralist, that flints of this kind are imperfect, and 
that they are not old enough to have acquired 
their perfect state ? For why should they be all 
imperfect? And why should they be uniformly 
imperfect on the side only that is exposed to the 
air ? It is, on the contrary, much more probaljle, 
tha't they are changed from the original state, 
and partly decomposed, and that they are gra- 
dually resolved into clay or bole. If this rea- 
soning should appear to be unsatisfactory, ex- 
pose to the air the hardest and blackest flint ; in 
less than a year the colour of "its surface will be 
changed ; and, if the experiment be farther pro- 
secuted, the flint will be found gradually to lose 
its hardness, its transparency, and its other spe- 
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ciilc characters, and make daily approaches to 
the nature of clay.* 

Sand undergoes the same changes as flint. 
Every grain of sand may, perhaps, be considered 
as a small flint, and every piece of flint as a col> 
lection of fine sand cemented together. The 
first example of the decomposition of sand is 
exhibited in that shining, but opaque powder, 
called jw/cfl, with which clay and slate are al- 
ways impregnated. The quartz, or perfectly 
transparent flints, in decomposing, produce fat 
and soft talks, such as those of Venice and Rus- 
sia, whicti are as ductile and vitrifiable as clay; 
and it appears, that talk is tiie mean between 
glass, or transparent flint, and clay; but that 
the grot s and impure flints, in decomposing, are 
converted into clay without any intermediate 
sitato. 

Our made glass undergoes the same change ; 
when long exposed to the air, it decomposes, 
and, as it were, corrupts. At first, it assumes a 
number of colours, then it exfoliates, and, in hand- 
ling it, we perceive that many sinning particles fall 
off. But, when its decomposition is farther ad- 
vanced, it bruises between the fingers, and is re- 
duced to a very white, talky, and impalpable 
powder. Art also imitates nature in the decom- 
position of glass and flint. " Est etiam certa 
methodus, solius aquie communis ope, silices et 
arenam in liquorem viscosum eundemque in sal 
viride convertendi, et hoc in oleum rubicun- 
dum, &c. Solius ignis et aquae ope, speciali ex- 
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pecjmento, durissimos quosque lapides in muco- 
rem resolvo, qui distillans'subtilem spiritum ex- 
hibet, et oleum nullis laudibus prsedicabile 

These matters shall be more fully considered 
when we treat of metals. We shall here only 
add, that the different strata of the globe consist 
either of materials which may be considered as 
actual vitrifications, or analogous to glass, and 
possessing its most essential qualities. It is also 
evident, that, from the decomposition of glass 
and flint, which daily takes place, there results a 
genuine clay. Hence we may conclude, with a 
high degree of probability, that sand and clays 
have originally been the scoriae of burnt matter, 
especially when we join to the above circum- 
stances, the proofs a priori which have been em- 
ployed to show that the earth was formerly in 
a state of liquefaction occasioned by the opera- 
tion of fire. 


* Vid. Bccher, Phys. Subterr. 
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THEORY OF THE EARTH. 

ARTICLE VIII. 

Of Shells y and other Productions of the Sea, found 
in the Interior Parts of the Earth. 

I HAVE often exanainerl quarries, the stones 
of which wet’e full of shells. I have seen whole 
hills composed of shells,; and chains of rocks in- 
termixed with shells tVirough their whole extent. 
The quantity of shells, and other productions of 
tile sea, i.s, in many places, so prodigious, that 
it is difficult to believe any more of them existed 
in their natural element. It is from this enor-i 
moiis quantity that no doubt remains of the 
earth’s having continued for a very long time 
under the waters of the sea. The number of 
sea shells found in a fossil or petrified state is so 
am^ing, that, were it not for this circumstance, 
we never should have had a proper' idea of the 
surprising quantities of those animals to which 
the ocean ^ves birth. We must not, therefore, 
imagine, like. those who talk and reason concern- 
ing things they never saw, that shells are only 
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to be found sc&ttered here and there by chance, 
or in small heaps, like those of oysters thrown 
from our doors. They appear, .on the contrary, 
in masses like mountains, in banks of 100 pr 900 
leagues in length. They may often be traced 
through whole provinces, and in masses of 50 
or 60 feet thick. It is only after having learned 
these facts that a man is entitled to reason on this 
subject. 

I'lie shells of Turenne may serve as a striking 
example. Let us attend to. the description given 
of them by the historian of the Academy*. 

“ 'I'hough hgured stones, and even fossil shells, 
found in the bowels of the earth, were remarked 
in all ages and nations, they were generally con* 
sidered, even by philosophers, as lusus nafurtes 
the production of them was ascribed to chance, 
or to some unaccountable and fortuitous train of 
circumstances } and, 'of course, this wonderful 
phenomenon added nothing to the stock of 
knowledge. An ignorant potter in Paris f, who 
knew neither Greek nor Latin, about the end of 
the 16th century, was the first man who ven* 
tured, in opposition to all the learned, to affirm, 
that fossil shells were real shells originally depo- 


* Apn. 1720, p. 5. , 

f The correspondence of Palissy’s ideas with those of the 
ancients, is worth remarking. “ Concbulas, arenas, buccinas, 
calculos varic infectos, frequenti solb, quibu^am etiam in 
montibus reperiri, certum signam maris alluvione ' eos coo* 
pertos locos volunt Herodotus, Plato, Strabo, Seneca, Ter* 
tullianos, Plutarchus, Oridius, et alii ; " Vide Dausqui, Terra 
«t Aqua, p. 7. 
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sited by the sea, in those places where they are 
found} that real animals, and particularly fishes, 
bestowed on figured stones their various forms, &c.i 
and he boldly defied the whole school of Aristotle 
to invalidate his proofs. His name was Bernard 
Palissy; and he was perhaps the most conspi- 
cuous example of a philosophical genius, unim- 
proved by art or learning. His system, however, 
has lain dormant for near a century, and even his 
name has almost been forgot. At last, several 
philosophers revived Palissy’s ideas ; and science^ 
has derived great advantage from all the fossil 
shells and figured stones which have appeared in 
the earth : they are now, perhaps, become too 
common, and the consequences drawn from 
them too incontestible. 

** But Reaumur’s late observations on the sub- 
ject are astonishing. He discovered a mass 
belo.w ground of 130,680,000 cubic fathoms of 
shells, cither \vhole or in fragments, without the 
least mixture of stone, earth, sand, or other 
foreign matter. Before this remarkable instance, 
fossil shells never appeared in such enormous 
quantities, nor without being mixed with other 
bodies.- Tliis prodigious mass lies in Turenne, 
more than 36 leagues from the sea. It is of 
great service to the peasants of that province ; 
they use the shells for marl in fertilizing 
their lands, which would otherwise be perfectly 
barren. 

What the peasants dig out of the earth, to 
'the depth of eight or nine feet, consists only of 
fragments of shells; but these fragments are 
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easily recognised to be those of real shells j for 
they still retain their original channels or furrows, 
and hav.e only lost their lustre and varnish, as 
most shells do, after having remained long under 
ground. The smallest fragments are only dustj 
but we know thlbm to be the dust of shells, be^ 
cause they consist of the very same matter with 
the larger fragments and the entire shells, which 
are sometimes found. The species both of the 
large fragments and of the entire shells, ate easily 
distinguishable. Some of these species belong 
to the coast of Poitou, and others of them to 
foreign shores. This mass likewise furnishes 
corals, and other productions of the sea. Falm 
is the name by which this matter is distinguished 
in that province ; and it is found, wherever the 
ground is dug, through an extent of about nine 
leagues square. The peasants never dig deeper 
than about 20 feet; because, says Reaumur, 
they imagine that the expense of labour would 
exceed the value of the commodity. They 
might, however, dig deeper. But our calcula* 
tion of 130 , 680,000 cubic fathoms proceeds Upon 
the supposition of only 18 feet deep, and 3,200 
fathoms to the league. Every article, therefore, 
is undervalued, and this mass of shells must 
greatly exceed the above calculation; if the 
quantity be only doubled, this wonderful phae* 
nomenon will be greatly augmented. 

** In physical facts, there are little circum- 
stances often overlooked by the bulk of mankind, 
which are, notwithstanding, of great conse- 
quence in illustrating the subject. M. de Reau- 
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mur has remarked, that all the fragments of shells 
lie horizontally in the great mass ; from which 
be concludes, that the fragments were not depo- 
sited at the same time with the entire shells, 
which originally formed this mass; because, says 
he, the superior shells would, by their weight, 
have broken the inferior ones, and the fragments, 
in that case, would necessarily have been dis- 
posed in a thousand different directions. The 
whole, therefore, whether entire or broken, must 
have been gradually transported thither by the 
sea, and, of course, their position must have 
been horizontal. But, though time alone was 
sufRcient to break them down, and even to cal- 
cine them, it could not vary their original posi- 
tion. Their transportation must have been gra- 
dual ; for, it is impossible that such an immense 
number of shells could be suddenly crowded to- 
gether, and yet preserve a position uniformly ho- 
rizontal : and their being assembled in one place, 
demonstrates this place to have once been the 
bottom of a gulf or bason. 

“ Though there are many vestiges of the uni- 
versal deluge which is recorded in scripture, y<'t 
the mass of shells at Turenne could not be an ef- 
fect of this deluge. Perhaps such' an amazing 
mass is no where to be found, even in the bottom 
of the sea. But, supposing the deluge to have 
forced such a quantity from the ocean, they 
would necessarily be carried off with violence 
and precipitation ; and, consequently, could 
never have been deposited in the same position. 
They must have been transported, slowly floating 
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ia the waves; and, of course, their accumula- 
tion would require a much longer time than a 
year. 

“ Upon the whole, it is plain, that, either be- 
fore or after the deluge, the earth, at least some 
parts of it, must have been in a very different 
situation ffom what it now appears; that the sea 
and land must' have had a different arrangement; 
and that there was formerly a great gulf in the 
middle of Turenne. The changes recorded in 
history, or even in ancient fable, are inconsider- 
able ; but they give us some idea of what might 
be , produced in a long series of ages. M. de 
Reaumur conjectures, that Turenne was formerly 
a gulf of the sea, and that the shells were trans- 
ported by a current. But this is only a mere 
conjecture, thrown out to supply the place of a 
fact as yet imperfectly known. Before any cer- 
tain conclusion can be drawn, we must have geo- 
graphical charts of all those places where shells 
are found below the surface of the earth. To ac- 
complish this, much time and numberless obser- 
vations are requisite. Science, however, may in 
time be carried thus far.” 

An attention to the following circumstances 
will lessen our surprise at this great collection of 
shells: 1. Shell-fish multiply prodigiously, and 
arrive at maturity in a very short time. The 
multitude of individuals in every species is a 
demonstration of their amazing fertility. In a 
single day, for example, a mass of oysters, of 
several fathoms in thickness, is often raised; 
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the rocks, to which they are attached, diminish 
considerably in a short time ; and some banks 
are entirely exhausted. The following year, 
however, furnishes an equal quantity, and not 
the smallest diminution appears. It is even 
doubted, whether a natural bed of oysters was 
ever entirely exhausted. 2. The substance of 
shells is analogous to that of stone; they are 
long preserved when immersed in soft matter ; 
and they easily petrify when connected with 
matter naturally hard : these fossil shells, there- 
fore, and other productions of the sea found on 
land, being the spoils of many ages, must neces- 
sarily have accumulated into large masses, 

We have already remarked the prodigious 
quantities of shells preserved in marble, lime- 
stone, chalk, marl, &c. They appear in 
masses like hills or mountains ; and they often 
compose more than one half of the bodies 
in which they are contained. Sometimes they 
appear entire, and at other times in fragments, 
but large enough to enable us to distinguish their 
respective species. Here our knowledge of this 
subject, derived from observation, stops. But I 
go farther, and maintain, that shells are the me- 
dium employed by Nature in the formation of 
most stones ; that chalk, marl, and lime-;Aonc, 
consist entirely of the dust or fragments of shells; 
and, consequently, that the quantity of de- 
composed shells is infinitely greater than of 
those which have been preserved. These posi- 
tions shall be fully established in the section upon 
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minerals; and I shall here only exhibit the 
point of view in which the different strata of 
the earth ought to be considered. The first bed, 
in which nothing of the original structure ap- 
pears, is composed of mud deposited by dews, 
rains, and snow, and of particles of animal and 
vegetable *. substances. The inferior beds of 
chalk, marl, lime-stone, and marble, are com- 
posed of the spoils of shells and other sea bo- 
dies, mixed occasionally with entire shells or 
fragments of them; but clay and vitrifiable 
sand are the materials which compose the inter- 
nal parts of the globe. These substances were 
vitrified at the time the earth assumed its figure, 
which necessarily implies, that the whole was 
then in a melted state. The different species of 
granite, flint, free-stone in large masses, slate, 
and coal, derive their origin from sand and 
clay, and are also disposed in beds. But tufa 
and pumice, free-stone and flint, in small or de- 
tached pieces, crystals, metals, pyi'ites, most 
minerals, sulphurs, &c., are matters, the forma- 
tion of which is recent, when compared with 
that of marble, calcinable stones, chalk, marl, 
and other substances that are disposed in hori- 
zontal beds, and contain shells, or other relics 
of the ocean. 

Xs the terms I have employed may appear 
obscure or ambiguous, it is necessary to explain 
them. By claims, 1 mean no’t only the white and 
yellow clays, but likewise the blue, the soft, the 
hard, the laminated, &c., which I consider to be 
the scoriie of glass, or the decompositions of 
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glass*. By sandi I always understand vitrifiable 
sand } and I comprehend, under this denomina- 
tion, not only the fine sand, which produces free- 
stone, and which I maintain to be the powder 
of glass, or rather of tufa, but also that sand nib- 
bed off free-stone, and the still grosser kind re- 
sembling small gravel, proceeding from granite 
and rock-stone, and which is brittle, angular, 
and reddish, and generally found in the beds 
of those rivers which descend precipitantly 
from hills or mountains composed of granite 
or common rock. The river Armanson, which 
runs by Semer in - Auxois, where all the stones 
are of common rock, carries down great quan- 
tities of this gross, rough, and brittle sand. It 
is of the same nature with rock-stone, of which 
it is only small portions, as calcinable gravels 
are only particles of free-stone. Besides, rock- 
stone and granite are the same substances; but 
I have used both terms, because they are con- 
sidered by some as different species. The same 
may be remarked of flints and of free-stone in 
large masses : these also are species of granite ; 
and I call them flints in large masses, because, 
like calcinable stones, they are disclosed in beds, 
and also to distinguish them from flints and free- 
stone in small masses, as the round flints and 
sand-stones, which have no continuation, or are 
not found in beds of any extent. These are re- 
cent productions, and have not the same origin 


* Glass beiag composed of an alkali with silica, cannot 
properly be ranked among the clays. W. 
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as flint and free-stone in large masses, which 
form regular and extensive strata. Under slate 
I comprehend the blue, the white, the gray, the 
reddish, an«l all the plated stone.s. These bodies 
are generally found below laminated clay, and 
seem to be nothing else but clay hardened into 
thin strata by drying; and this is the reason of 
so many cracks or fissures remarkable in such 
substances. Coal and jet are likewise referable 
to clay, and are found under the laminated clays 
or slate. By tufa, I mean not only the common 
pumice, which is full of holes, and has an organ- 
ized appearance, but all beds of stone formed 
by the sediments of running waters, all the sta- 
lactites, incrustations, and every kind of stone 
that dissolves by fire. It does not admit of a 
doubt that all these are new substances, and that 
they are constantly growing. Tufa is only a 
mass of stony matter, not distinguished by re- 
gular strata. This matter is commonly found 
in small hollow cylinders, irregularly grouped, 
formed by rills or percalations at the foot or 
upon the declivities of hills, and consisting of 
coats of marl or calcareous earth. The cylindric 
form is the specific character of this kind of tufa, 
and it is always either oblique or straight, ac- 
cording to the direction of the rills by which it 
is produced. The extent of these spurious quar- 
ries is inconsiderable, and generally proportioned 
to the height of the mountains which furnish the 
materials of their growth. The intervals be- 
tween the cylinders of the tufa, by the daily ad- 
dition of fresh stony matter, are at last filled up. 
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and the whole assumes a compact and solid form i 
but it never acquires the hardness of sione, and, 
for that reason, is denominated by Agricola, 
marga lofacea Jistubsa. In tlie tufa are often 
found impressions of the leaves of such trees and 
plants as grow in the neighbourhood ^ land shells, 
well preserved, are likewise frequently found in 
the tufa, but never sea shells ; it is, therefore, a 
recent production, and ought to be ranked with 
stalactites, incrustations, &c. All these pew 
substances are a kind of spurious stones, formed 
by the wasting of others, but never arrive at the 
consistence of real petrifaction. 

Crystal, precious stones, every stone that has 
a regular figure, and even flints in small masses, 
and consisting of concentric coats, whether found 
in the perpendicular fissures of rocks, or else- 
where, are only exudations, or the concreting 
juices of flint in large masses j they are, there- 
fore, new and spurious productions, the genuine 
stalactites of flint or of granite. 

Shells are never found in common rock or 
granite, nor in free- stone, although they often 
appear in vitriiiable sand, from which free-stone 
derives its origin. This circumstance seems to 
indicate, that sand, unless when perfectly pure, 
cannot unite into free-stone or granite j and that 
a mixture of shells, or of other heterogeneous 
bodies, totally prevents it from cementing. I 
have often examined those small round stones, 
found in beds of sand, which are mixed with 
shells, and never could discover in them a single 
shell. These round stones are true concretions 
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of free-stone, formed in those places where the 
sand is pure, and not mixed with heterogeneous 
matter; whi'ch is the reason why no larger, 
masses are produced. 

We formerly remarked, that, at Amsterdam, 
which is a very low country, sea shells were 
found 100 ‘feet below the surface, and at Marly- 
la -Ville, 6 leagues from Paris, at the depth of 
7-5 feet. They have also been found in mines 
belpw beds of rock of 50, 100, 200, and even 
of 1,000 feet thick, as is apparent in the Alps 
and Pyrennees, where shells and other sea bodies 
are found in the inferior strata of immense 
rocks, which have been cut through in a peiv 
pendicular direction. But to proceed in order: 
Shells are found in the mountains of Spain, 
I'rance, and England, in all the marble quarries 
of Flanders, in the mountains of Gueldres, in 
all the hills round Paris, in those of Burgundy 
and Champagne ; in a word, in all places where 
the basis is not composed of free-stone or tufa} 
and, in all these places, the substance of the 
stones consists more of shells than of any other 
matter. By shells, I mean not only the re^ 
mains of shell-fish, but likewise those of crusta- 
ceous animals, ' the bristles of sea hedge-hogs, 
and ^11 the productions of sea insects, as corals, 
madrepores, astroites, &c. Any roan may be 
convinced, by the evidence, of his own eyes, 
that, in most marbles and calcinable stones, the 
proportion of sea bodies is so great, as to exceed 
the matter by which they are united. 

But farther, sea bodies are found even on the 
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tops of the highest mountains of the Alps ; for 
example, on the top of Mount Cenis, in the 
. mountuius of Genes, in the Appcnnines, and in 
most of the stone and marble quarries of Italy. 
They appear in the stones of which the most 
ancient buildings in Rome arc constructed, in the 
mountains of Tirol, in the centre of Italy, on the 
top of Mount Paternc, near fioulonge, in the 
hills of Pouille, in those of Calabria, in many 
parts of Germany and of Hungary, and, lastly, in 
all the high grounds of Europe*. 

In ^Vsia and Africa, travellers have observed 
sea shells in several places ; for example, “ upon 
the Castravan mountains, above Baruth,” says 
Shaw -f', where there is a curious bed of whitish 
etone, but of the slate kind, which contains, in 
every flake of it, a great number and variety of 
fishes. These, for the most part, lie exceedingly 
flat and compressed, like the fossil fern plants; 
yet, at the same time, they are so well preserved, 
.that the smallest strokes and lineaments of their 
fins, scales, and other superficial diversities, are 
easily distinguished.” Between Cairo and Suez, 
and particularly upon all the hills of Barbary, 
says the same author, are many petrified shells 
and echini; most of them exactly correspond 
with the different species still existing in the lied 
Sea. As to Europe, petrified fishes are to be met 
with in Switzerland, Germany, the quarry of 
Oningcn, &c. 

• See Steno, Ray, Woodward, &c. 

•f Sea Sfaaw’i Travels, p. 34 V. 
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Fossil shells, says M. Bourguct, are to be 
found in the long chain of mountains stretch* 
ing from Portugal to the most easterly parts of 
China, in the valleys of Europe, and in all the 
mountains of Africa and America; and hence, 
he remarks, w-e may conclude, that they also 
exist in those parts of the globe with which we 
are still unacquainted. 

The islands of Europe, of Asia, and of Ame- 
rica, wherever men have had occasion to dig, 
whether in the mountains or in the valleys, fur- 
nish many specimens of fossil shells; and this 
circumstance demonstrates, that islands are ana- 
logous in structure and formation to their neigh- 
bouring continents 

These facts are suflicient to prove, that fossil 
shells, petrified fishes, and other productions of 
the ocean, exist in great quantities in almost 
every place where proper investigations have 
been made. “ It is true,” says Tancrid Robin- 
son, J* that sea shells are dispersed occasionally 
on the earth by armies, and by the inhabitants 
of towns and villages. La Loubere relates, in 
his voyage to Siam, that the monkeys of the Cape 
of Good Hope perpetually amuse themselves by 
transporting shells from the shores of the sea to 
the tops of the mountains. But this is no solu- 
tion to the question, why these shells are dis- 
persed through every climate of the earth, or 
wliy they are found in the bowels of tlie highest 


* See Lettres philosoph. sur la Formation de Sels^ p. 20o* 
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mountains, and disposed in beds, like those in the 
bottom of the ocean.” 

Upon perusing an Italian letter, printed at 
Paris in the year 1746, concerning the changes 
this globe has undergone, I was astonished to 
find a repetition of Loubere’s sentiments. Pe- 
trified fishes, in the opinion of this writer, are 
always of rare species, which were rejected from 
the Roman tables, because they were not 
esteemed to be wholesome: and as to fossil 
shells, he says, that the pilgrims brought from 
Syria, in the time of the crnsades, those shells 
peculiar to the Levant, which are now found 
petrified in France, in Italy, and in other parts 
of Christendom. Why did he not add, that the 
monkeys transported shells to the tops of the 
highest mountains, which never were inhabited 
by men ? This he might have done with great 
facility, and it would have given an air of credi- 
bility to his hypothesis 1 How should men, who 
pretend to philosophy, difler so widely in their 
opinions ? It is not sufficient, it would appear, 
to find fossil shells m almost every part of the 
earth where pits have been dug, nor to have 
quoted the testimonies of natural historians, as 
these authors may, according to certain systems, 
have imagined that shells existed where none 
were to be found : we shall therefore, to prevent 
all prejudices of this kind, quote the authority of 
some authors who had no theory to support, and 
whose habits of observation could only enable 
them to recognise shells that were entire, and io 
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the best preservation. This testimony will, 
perhaps, have greater authority with men who 
cannot judge of the facts, nor know the distinc* 
tion between real shells and their petrifactions 

* 1 find that I have not treated M . de Voltaire with sufficient 
respect. 1 acknowledge^ that I should rather have taken 
no notice of this opinion, than revived it with a jest, espe- 
cially afr humour is not my talent, and as this is perhaps the only 
example of pleasantry in all my works. M. de Voltaire is 
a man whose superiority of genius merits * the highest re- 
gard. 1 was furnished with this letter at the very time 1 was 
correcting the sheet which contains the passage in question. 

I read part of it only, imagining it to be the production of 
some learned Italian, who, from mere historical knowledge, 
had followed his own prejudices, without consulting Nature ; 
and it was not till after my volume on the Theory of the 
Earth was printed, that I knew the letter was written byi 
M. de Voltaire. I then sincerely regretted the expressions I 
had used. This truth I thought it incumbent on me to make 
public, as well for the sake of M. de Voltaire, as for my own 
and that of posterity, to whom 1 would not leave a doubt 
of the high esteem I have always had for a man of such un- 
common talents, and who has done so much honour to human 
nature and to the age in which he lived. 

As the authority of M. de Voltaire made an impression 
upon some persons, others have endeavoured to discover whe- 
ther his objection, with regard to the shells found below 
ground, has any foundation. Upon this subject, 1 shall 
subjoin an extract of a memoir, which was transmitted to me, 
and which appears to have been written with that intention. 

In traversing the difierent provinces of France, and even of 
Italy, I every where saw,'* le P. Cbabenat remarks, 

figured stones ; and, in particular places, their number was 
se great, and they were arranged in such a manner, that it 
was impossible not to be satisfied, that these parts of the earth 
had formerly been covered by the sea. 1 saw shells of 


* This apology was published ia the year 1778. 
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Every man may examine with his eyes (he 
banks uf shells in the hills round Paris, and 
especially in the stone-quarries, as at Chaussee 

every kind, which w^ere perfectly similar both in figure and 
size, to those which now exist. This observation was suffici- 
ent to convince me, that all these individuals were of different 
ages, but of the same species. I saw cornua dmmonis from 
half au inch to near three feet in diameter^ 1 saw cockles 
of all sizes, as well as other bivalves and univalves. 1 
likewise saw belemnites. sea mushrooms, &c. 

The form and number of these figured stones provf^, in 
the most incontestible manner, that they were formerly ani- 
mals v^hich existed in the ocean. The shells with which the 
moulds are covered seem to remove every doubt upon this 
subject, for, in particular specimens, it is equally lustrous, 
fresh, and natural, as in the living animal. If separated frorn 
the mould or nucleus, we could not believe that it was petri- 
fied. The same observation is applicable to many other 
figured stones found in that beautiful and extensive plain, 
which stretches from Mountauban to Toulouse, and from 
Toulouse to Alby, as well as to the circumjacent places. 
The whole of this vast plain is covered with vegetable soil 
from half a foot to two feet thick. Below the soil there is a 
bed of coarse gravel about two feet in thickness. The 
gravel issuccccdcil by a bed of fine sand, which is nearly of an 
equal thic kness ; and the rock lies immediately under this 
bed of sand. 1 have repeatedly examined the gravel with 
the greatest attention, and I found it interspersed with an 
infinite number of figured stones of the same form, but of 
various sizes. 1 likewise found a number of sea hedge-hogs, 
and other siones uf a regular figure, and perfectly similar. 
All these facts announce, in language the most expres.si*vc', that 
this country, as well as many others, had formerly been the 
bottom of the sea, which, by some sudden revolution, had 
retired vutd left its various productions behind. 1 shall, how- 
ever suspend my judgment, on account of M. dc Voltaire’a 
objections, to remove which, expeiience and obscrvntioii 
must be united.^^ 

Le P. Chabcuat next subjoins several experiments, to 
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ftear Seve, at Issy, Passy, and other places. A 
great quantity of lenticular stones are to be 
found at Villers-Cotterets ; the Tocks are .almost 
entirely composed of these stones; and they are 
irregularly interspersed with a kind of cement, 
by which they are nnited. At Chaumont, the 
quantity Of shells is so great, that the whole 
hills, which arc pi’etty high, appear to consist of 
nothing else. The same phsenomenon is exhi- 
bited at Courtagiion near Rheims, where there 
is a bank of shells of about four leagues broad, 
and the length is still more considerable. 1 
mention these places, because they arc famous, 
and the shells stiike the eye of every be- 
holder. 

With regard to foreign countries, let us attend 
to the remarks of travellers. 

In Syria and Phoenicia, in the neighbour- 
hood particularly of Latikea, the rocks ’ are of 
a hard chalky substance, from whence the ad- 
jacent city might borrow the name of the tVliiU 

prove that the shells found in the earth are the same with 
those which still exist in the sea. These experiments 1 shall 
not relate, because they contain nothing new ; and every 
man is satislied, that fossil and marine .shells are precisely of 
the same nature. Le P. Chabenat concludes his Memoir 
with remarking, that '' all the shells found in the bowels of 
the earth are unquestionably real shells, and relics of animal^ 
whose element is the ocean, which had formerly covered these 
countries ; and, consequently, that Ahe objections of M. de 
Voltaire are ill founded 

* Memoir Manusdrit sur les Pierres f igurees, par le P. Chabenat, 
Mountauban, Oct. 8. 17711. 

VOL. I. 
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Promonhjy, The Nakoura, formerly called the 
Scala Tyrionm, is of the same nature and com- 
plexion } both' of them including a great variety 
of corals,, shells, and other remains of the de- 
luge*.” 

But fossil shells, and other the like testi- 
monies of the deluge, are very rare in the moun- 
tains near Sinai, the original menstruum, per- 
haps, of these marbles, being too corrosive to 
preserve them. Yet, at Corondel, where, the 
rocks approach nearer to our free-stone, I found 
a few chamsE! and pectunculi, and a curious 
echinus of the discoid kind. The mins of the 
small village at Aiu-el-Mousa, and the several 
conveyances we have there for water, are all 
of them full of fossil shells. Tiie okl walls of 
Suez, and the remains that are left us of its 
harbour, are likewise of the same materials, all 
of them probably from the same quarry. Be- 
tween Suez and Cairo, likewise, and ail over 
the mountains of Lybia, near Egypt, every 
little rising ground and hillock discovers 
great quantities of the echini, as well as 
of the bivalve and turbinated shells, most 
of which exactly correspond with their re- 
spective families still preserved in the lied 
Sea*.” 

The moving sand in the neighbourhood of 
Raz Sem, in the kingdom of Barca, covers many 
palm-trees, echini, and other petrifactions. Raz 
Seme signifies the head of afsh, and is the name 

* S«« Shaw’s Travels, p. S**. t IWd. p. *4*. 
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of what is called the petrified village, where it 
has been alleged, that men and women, with 
their children, cattle, furniture, &c., may be seen 
converted into stone. ** But,” says Mr. Shaw, 
** all this is mere fiction, as I learned not only 
from Mr. Mair, consul at Tripoli, who sent 
several peo’ple to examine into the fact, but also 
from men of credit and learning who had been 
on the spot.” 

Near the Pyramids Mr. Shaw discovered some 
stones whicfi had been hewn by workmenj and 
were mixed with little round bodies like lentils, 
and some of them resembled barley half peeled. 
** These,” he says, “ were supposed to have been 
fragments of victuals left by the workmen, and 
are now petrified. But this account appears 
tb be very improbable,” &c. These lentils and 
grains of barley are nothing but petrified shells, 
known to every naturalist by the name of lentil* 
stones. 

“ Many fossil stones,” says Misson*,** are found 
in the neighbourhood of Maestricht, especially 
near the village of Ziehen or Tichen, and in the 
mountain called the Huns. 

<< In the environs of Sienne, near Certaldo, 
are many mountains of sand filled with different 
kinds of shells. Monte-mario, about a mile 
from ‘Rome, is also full of them. I have re- 
marked them in the Alps, in France, and in 
other places. Orlearius, Steno,’ Cambden, Speed, 


* See Voyage de MUson, tom. iii. p. 109. 

Q 2 
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aud iftany other writers, have related the satUr 
phaeuomena*.” 

“ The island of Cerigo,” says Thcvenot'j’, “ was 
called Porphyris by the ancients, on account 
of the quantities of porphyry found in it.” Now, 
porphyry, as observed above, is composed of 
the prickles of the echinus, or sea hedge- hog, 
united by a very haril stony cement. 

“ Opposite to luchene, a village on the east 
bank of the Nile, I found petrified plants grow- 
ing naturally on a piece of ground about two 
leagues in length, and of an inconsiderable 
breadth. This is one of the most singular pro- 
ductions in nature. The plants resembled the 
white corahs which grow in the Red SeaJ.” 

“ There are several species of petrifaction on 
Mount Libanus, and, among others, flat stones, 
which contain the skeletons of fishes entire, 
and well preserved ^ chesnuts, and small branches 
of coral, of the same species with what graws 
in the Red Sea, are likewise found on this 
mountain §.” 

“ In Mount Carmel,” says Shaw, “ we gather 
a great many hollow stones, lined in their in- 
sides with a variety of sparry matter, whicl), from 
some distant resemblance, are said to be petri- 
fied olives, melons, peaches, aud other fruit. 
These are commonly bestowed upon pilgrims, 

* Sue Voyage «le Mtsson, tom. »i. p. 312. 

t Voyage deTheveiiot, tom. i. p. 25. 

J See Voyage de Paul Eucas^ tom, ii. p. 380. 

\ Ibid. tom. iii. p. 326. 
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not only as curiosities, but as antidotes against 
several distempers: the olives, which are lapides 
Judaici, as they are commonly called, have been 
always looked upon, when dissolver! in the juice 
of lemons, as an approved medicine against the 
stone and gravel*.” These lapides Judaici are 
the points of the echinus. 

“ M. la Roche, a physician, gave me some 
petrified olives, called lapides Judaici, which 
gro\r in great quantities upon tlie mountains, 
where are to be found, according to my infor- 
mation, other stones, which in their inside con- 
tain perfect representations of the natural parts 
of men and women f. These are the hysle- 
rolithes.” 

“In going from Smyrna to Tauris,” says Ta- 
vmiier, when we came to Tocat, the heat was 
excessive; we therefore left the common road 
to the north of us, and went by the mountains, 
where there' are always shade and cool breezes. 
In many places we found snow ; and, upon the 
tops of some of these mountains, we saw shells 
resembling those upon the sea-shore, which is an 
extraordinary phaBtiomenon.” 

Let us attend to what Olearius says concern- 
ing the petrified shells he observed in Persia, and 
in the rocks where the sepulchres have been cut 
near the village Pyrmarus, 

“ Three of iis ascended, by nuitnally assisting 
each other, the most frightful'precipices, and at 
last gained the summit, where we found four 

• See Shaw’s Travels, p. 44'4. 
f Voyag. de Monconys, p. 331. 
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large chambers, with several niches cut out of 
the solid rock : but what struck us most was, to 
find in this vault, on the top of the mountain, 
muscle shells} and in some parts they appeared 
in such quantities, that this whole rock seemed 
to consist of nothing but sand and shells. In 
returning from Persia, we perceived several of 
these shelly mountains upon the coasts of the 
Caspian Sea.” 

To the enumeration I have given of the 
great quantities of shells found in all parts of 
the world, I might add many particular obser- 
vations which haye been since communicated to 
me. I have received letters from the American 
islands, by which I am assured that, in almost 
all of them, shells are found, either petrified or 
in their natural state, in the interior parts of the 
earth, and often below the first stratum or vege- 
table soil. In the Malouine islands, M. de Bou- 
gainville found stones which divided into thin 
plates or leaves, and upon which were impres- 
sions of fossil shells, of a species unknown in 
these seas*. To the same purpose I have letters 
from several parts of India and of Africa. Don 
Ulloa informs usf, that, in that district of 
Chili which extends from Talca Guano to Con- 
ception, different kinds of shells are found in 
great numbers, and without any mixture of earth} 
and that these shells are used to make lime. He 
adds, that this peculiarity would not be so re- 
markable, if these shells were found only in low 


* Voyage Autour da Monde, tom. i< p. too. 
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places, which might be covered with the sea. But 
what is singular, he remarks, that the same heaps 
of shells are found in the hills at the height of 
fifty fathoms above the level of the sea. I relate 
this fact, not because it is singular, but because 
it corresponds with all the others, and is the 
only one known to me concerning fossil shells in 
this part of the world, where 1 am persuaded 
that petrified shells will be found, as well as 
every where else, at heights much greater 
than fifty fathoms above the level of the sea; 
for the same Don Ulloa has since found petrified 
shells in the mountains of Peru, at the height of 
above 2,000 fathoms; and, according to M. 
Kalm, shells are seen in North America upon the 
tops of several hills: he tells us, that ho saw 
them on the summit of the Blue Mountains. 
They have also been found in the chalk quarries 
near Montreal, in certain stones near Lake 
Champlain in Canada*, and in the most north* 
em regions of this New Continent; for the 
Greenlanders believe, that the world had been 
drowned by a deluge, and, in evidence of this 
event, they quote the shells and the bones of 
whales which cover the most elevated mountains 
of their country f. 

If from this we pass to Siberia, we shall find 
the 'same proof of the ancient abode of the 
ocean upon all our Continents. Near the moun- 
tain Jeniseik, there are othet mountains less ele* 


* Mem. de FAcad. des Scipiicea, mm. 19S2, p. 194. 
Voyage de M. Craiitz ; Hist. Geit. des Voyages, tom. xix. 
p. 105. 
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rated, upon the summits of which we find heaps 
of shells well preserved both in figure and na- 
tural colours. These shells afe all empty, and 
some of them fall into powder as soon as they 
are touched. The sea of this cmintry produces 
no shells similar to those found on the tops of 
mountains. The largest of these shells exceed 
not an inch in breadth, and others are very 
small*. 

But I can exhibit facts which are still more 
obvious. Every man^ in his own province, has 
only to open his eyes, and he will see shells in 
all places where lime-stone is found, as also in 
most' clays, though, in general, marine produc- 
tions are more rare in clays than in calcareous 
substances. 

In the territory of Dunkirk, on the top of 
the mountain of the Recollets, near that of Cas- 
sel, and at 400 feet above the level of the sea, 
there is a horizontal stratum of shells, which 
are so closely packed together that most of them 
are broken. Above this stratum there is a bed 
of earth from seven to eight feet deep. These 
shells are situated at the distance of six leagues 
from the sea, and they are of the same species 
with those found on its coast f. 

In Mount Gannelon, near Anet, and at some 
distance from Coinpiegne, there are several 
quarries of excellent lime-stone. Between the 


^ Relation de Mess. Gmcliti ct Muller ; Hist. Gen. des 
Voyages, torn, xviii. p. 342. 

f Mem. pour la Subdelegation de Dunkerque, relative*: 
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different strata of the lime-stone wo finil gravel 
mixed with an infinite number of sea shells, or 
portions of shells, which are very liglit and 
friable. In the same place, there are common 
oyster shells in fine preservation, and extend 
more than a league and a quarter in length. In 
one of these quarries, there are three strata of 
shells in different states. Li two of these .strata, 
they are so much broke, that their species cannot 
be distinguished : but, in the third, there are oys- 
ters, which have suffered no alteration, but that 
ofbeing excessively dried. The nature, figure, and 
enamel of the shells, are the same as in the Jive 
animals. These shells have acquired a great 
lightness, and easily exfoliate. The lime-stone 
quarries are situated at the foot of the mountain, 
and have a small declivity. In descending to- 
wards the plain, we find oysters, which are 
neither dried, nor have undergone any change, 
but have the same weight, and the same ena- 
mel with those which are daily taken out of the 
sea*. 

In the neighbourhood of Paris, these ma- 
rine shells are not less common. The marl pits 
of Bougival furnish a kind of middle-sized oysters. 
They are not entire, but cut in different direc- 
tions^ and finely polished. Near Belleville, where 
free-stone is quarried, we find a mass of sand 
in the earth, which contains branched bodies. 


* Extrait d’une Lettre de M. LL-scIievin d M. ^de Bufifoo i 
Conipiegne, Oct. 8, 1772. 
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which may have been corals or madrepwes con- 
verted into stone. These marine bodies are not 
in the sand alone, but in the stones, which like- 
wise contain shells of different kinds, as volutes, 
univalves, and bivalves*. 

Switzerland is not less abundant in fossil ma- 
rine bodies than France and >he other countries 
we have mentioned. In Mount Pilate, in the 
canton of Lucerne, we find petrified sea sheUs, 
and the bodies and relics of fishes. In the same 
mountain, th(?re are corals, and slates which 
easily exfoliate, ai !, between the leaves, a fish is 
g(!nerally found. Some years ago, the jaws, and 
even entire heads of fishes, together with their 
teeth, were discovered f. 

M. Altman remarks, that, in one of the 
highest parts of the Alps, near Grindelv^, 
w'here the famous glaciers (Gletchers) are form- 
ed, tlure are fine marble quarries, which he 
has represented in one ofi the engravings of 
these mountains. The marble quarries are only 
a few paces distant from the glaciers. The marble 
is of various colours, as white, yellow, jasper, 
red, and green. The marble is drawn on sledges 
above the snow as far as Underseen, where it 
is embarked to be carried to Berne by Lake 
Thome, and afterwards by the river AreJ. 

* Mem. dc M. Guettard; Acad, des Sciences, ann. 1764, 
p. 492. 

f Promenade au Mont Pilate; Journal Etrangers, mois 
dcMars, 1756 . 

:|: Essai de la Description des Alps Glaciales, par M. AlU 
man. 
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Thus marble and calcareous stones are found, 
at great heights, in this part of the Alps. 

M. Cappeler, in making researches on Mount 
Grimsel, one of the Alps, has remarked, that 
the hills and smaller mountains which limit the 
valleys, are mostly composed of free-stone, of 
a grain m*ore or less fine and clos^. The tops 
of these mountains generally consist of lime- 
stone, of various colours and hardness. The 
mountains more elevated than these calcareous 
rocks, are composed of granite and other stones, 
W'hich appear to be of the nature of granite and 
of emery. It is in these granity stones that rock 
crystal begins to be formed. ]^t, in the lime- 
stone rocks below, we find nothing but spar 
and calcareous concretions. In general, it has 
been remarked, concerning shells of every kind, 
whether fossil or petrified, that certain sp^ies 
are always found together, and that others are 
never met with in these places. The same thing 
happens in the ocean, where particular species 
of testaceous animals are constantly fouiMl to- 
gether, in the same manner as certain plants 
always grow together on the surface of the 
earth*. 

It has been too generally believed, that there 
are no shells or other pr^uctioiis of the sea, 
on the highest mountains. It is true, that there 
are several summits, and a great number of peaks, 
which are entirely composed of granite and vitri- 
fiable rocks, in which no mixture can be per- 

* Lettrei Philosophiqae* de M. Bourguet, Bilioth Rai- 
sonne6, raoUd'Avril, 1 ^^ Join, 1730 . 
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ceived. These contain neither the moulds of shells, 
nor the relics of any marine bodies. But there 
is- a much greater number of mountains, and 
some of them very high, where these relics 
are to be found. M. Costa, professor of anato- 
my and botany in the uni\i,i'sity of Perpignan, 
in the year 1774', discovered, some fathoms be- 
low the top of Mount Nas, situated in the niiddle 
of the Spanish Cerdagne, and one of the most 
elevated parts of the Pyrennees, a great number 
of lenticular stones, i. e. blocks composed of 
lenticular stones, and these blocks were of dif- 
ferent figures and difterent sizes; the largest 
might weigh from forty to fifty pounds. He 
remarked, that the part of the mountain where 
these lenticular stones were found, seemed to 
have formerly sunk ; for, in this place, he saw 
an irregular, oblique depression, very much in- 
clined to the horizon ; and one of its extremities 
respected the top, and the other the bottom 'of 
the mountain. He could not distinctly perceive 
the dimensions of this depression, because most 
of it was covered with snow, though it was the 
month of August. 'I’lie banks of rocks, which 
surrounded these lenticular stones, as well a.s 
those immediately below, are calcareous for 
more than a hundred fathoms. This Mount 
Nas, to judge of it by the eye, seems to be as 
high as Canigou, and presents no vestige of a 
volcano. 

A thousand other examples of marine shells, 
found in an infinity of places, as well in France 
as in different parts of Europe, might be given. 



237 


OF FOSSIL SHELLS, &C. 

which are already too much multiplied, would 
swell this work, without answering any useful 
purpose. From the whole, however, we can- 
not refrain from drawing this obvious conclu- 
sion, that all the inhabited parts of the earth 
have formerly, and during a very long course 
of time, been covered with the waters of the 
ocean. 

I shall only remark, that these sea shells are 
found in different states. Some of them are 
petrifactions, or stones moulded into the form 
of shells; and others are in the same state as 
they still exist in the ocean. The quantity of 
petrified shells, which are nothing Imt stones 
figured by shells, is infinitely greater than that 
of fossil shells, and they are never found toge- 
ther, nor even in places contiguous : it is only 
in the neighbourhood, and some leagues distant 
from the sea, that we find beds of shells in their 
natural state, and these are commonly the same 
with those whicli exist in the adjacent seas. 
Petrified shells, on the contrary, are found, 
almost every where, at great distances from the 
sea, and on the highest hills, many species of 
which belong not to our seas, and several of 
them have no existing representatives; such as 
those ancient species we formerly mentioned, 
which only existed when the globe was much 
warmer. Of more than a hundred species of 
cornua ammonis, remarks one of our learned 
Academicians, with v/hich we are acquainted, 
and which are found in the environs of Paris, of 
Rouen, of Five, of Langres, and of Lyons, a? 
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well as in the Ceveraes, in Provence, in Poi- 
tou, in Britain, in Spain, and in other countries 
of Europe, there is but one species, called the 
Nautilus papyraceuSy found in our seas, and five 
or six others produced in foreign seas *. 

In France, we find not only the shells belong- 
ing to our own coasts, but those which never, 
appeared in our seas. Some philosophers even 
allege, that the number of foreign petrified 
shells greatly exceeds those of our own climate. 
But* this opinion seems not to be well founded ; 
for, independent of such shells as lie in the bot- 
tom of deep water, and are seldom brought up 
by fishers, and, of course, are regarded by us as 
foreigners, though they may exist in our seas, 1 
find, upon comparison, that more of the petrified 
'Shells belong to our own shores than to any 
other. For example, all the pectines, most 
cockles, muscles, oysters, trumpet-shells, ear- 
shells, limped, nautili, stars, tubulites, corals, 
madrepores, &c., which are found so universally, 
are really produced in our seas; and, though 
many sea Lfodies appear, which are either foreign 
or unknow^, as the cornu ammonis, the la- 
pides Judait^i, the large screw, the buccinum, 
called abajouY^ &c., yet I am convinced, by re- 
peated observation, that the number of these spe- 
cies is inconsiderable, when compared with the 
shells which belong to our own coasts. Besides, 
the madrepores, astroites, and all those sea bodies 
formed by insects, constitute the basis of our 

« Mem. de I'AciwI. des Sciences, ann. 1722, p. 242. 
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inarbles and Uine*stone ; for the shells, however 
abundant, make but a small part of these stones, 
and many of them are produced in our own 
seas, and particularly in the Mediterranean. 

The Red Sea produces corals, madrepores, 
and sea plants, more abundantly than any other. 
The port of Tor furnishes an amazing quantity. 
In calm weather, the quantity exhibited is so 
great, that the bottom of the sea resembles a 
forest. Some of the branched madrepores rise 
from eight to ten feet high. They are also 
very common in different parts of the Me- 
diterranean, and are to be found in all gulfs, 
islands, &c., of every temperate climate, where 
the sea is not very deep. 

Mr. Peyssonel was the first who discovered 
that coral, madrepores, &c., were not plants, 
but that they derived their origin from animals. 
The truth of this discovery was long doubted. 
Some naturalists at first rejected it with dis- 
dain. But it soon gained universal assent ■, and 
every man is now satisfied, that wliat were for- 
merly called sea plants, are nothing but hives, 
or rather lodges, formed by insects for their own 
habitation. These bodies were originally classed 
with minerals, then with plants, and now they 
must for ever be recognised as the genuine ope- 
ration of animals. 

Many shell-fish inhabit the deepest parts of 
the ocean, and are never thrown upon the 
coasts} authors have, therefore, termed them 
Pelagia, to distinguish tnem from the other 
kinds, which they call Littoraks. It is proba- 
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ble that tlie cornu ammonis, and some othet* 
species, found only in a petrified state, belong to 
the former, and tliat they have been impregnated 
with stony matter in the very places where they 
are discovered. It is also probable, tiiat the 
species of some animals have been extinguished, 
and that these shells may be ranked among their 
uninber. The extraordinary fossil bones found 
in Siberia, in Canada, in Ireland, and several 
other places, seem to confirm this conjecture 
for no animal has iiitherto been discovered to 
i\honi bones of such enormous size could possi- 
bly bi,!oiig. 

Upon this passage I have to make two import- 
ant remarks. 

1. That these cornua ammonis, which are ’so 
different from each other both in figure and 
size, seeming to Ibrm rather a genus than a species 
in the class of shell animals, are really the re- 
lics of so many species which have perished, 
and no longer subsist. I have seen some of 
them so small, that they exceed not a line, and 
others so large tliat they were more than three 
feet in diameter. Observers worthy of credit, 
have assured me- that they have seen some 
still larger, and particularly one of eight feet in 
diameter and one foot thick. These different 
cornua ammonis seem to form distinct species. 
Some of them are more or less fluted. They 
are all spiral ; biit they terminate differently, 
both at their centres and at their extremities. 
These animals, formerly so numerous, are no 
longer found in any of our seas. They are 
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known to us by their relics only ; and the irn* 
mensity of their number cannot be better repre* 
sented than by an example which I have daily 
before my eyes. In the iron mine near Etivey 
(three leagues from my forge of Buffon), which 
has been wrought 150 years, and has supplied 
the iron \^orks of Aisy during all that time, 
there are such quantities of cornua ammonis, 
entire and in fragments, that the greatest part 
of tlje ore seems to have been moulded in these 
shells. The mine of Conflans in Lorrain* which 
supplies the furnace of Saint Loup in Franche- 
comte, is likewise entirely composed of beleni- 
iiites and cornua ammonis. These last ferrugi- 
nous shells are so dilFercnt in size, that they 
weigh from a drachm to two hundred pounds *. 
Other places might be mentioned where they 
equally abound.. In the same manner, we find 
belemnites, lenticular stones, and moulds of many 
other shells, which now no longer exist in any 
part of the ocean, though they are almost uni- 
versally diffused over the surface of the earth. 
I am persuaded that all these lost species for- 
merly subsisted during the time that the tempera- 
ture of the earth and waters was warmer than it 
is at present; and that, in proportion as the 
globe .cools, other species, which now exist, will 
perish like the former, for want of heat sufficient 
to support them. 

2. That some of those enormous bones, which 
1 thought had belonged to unknown animals. 


* Mem. de Physique de M. Grl^non, p. 378. 



a4«i or FOSSIL shells, &c. 

whose species was supposed to be lost, have 
nevertheless, after the most accurate examination, 
appeared to belong to the elephant and hippo- 
potamus, but to species of these animals much 
larger than those which now exist. Of land 
animals I know only one species which is lostj 
and it is that of the animals whose grinding teeth, 
with their just dimensions, are represented in 
plates iii. iv. v. The other large teeth and bones, 
which I have collected, belonged to the elephant 
and hippopotamus. 

Fossil shells, says Woodward, are found from 
the top to the bottom of quarries, in pits, and in 
the deepest mines of Hungary : and we are in- 
formed by Mr. Ray, that they are found in the 
rocks on the shores of Calda, and in Pembroke- 
shire, at the depth of 200 fathoms *. 

Shells not only appear in a petrified state at 
great depths, and on the tops of the highest 
mountains, but they are also found in their na- 
tural condition, having the colour, lustre, and 
lightness of sea shells j so that, to be fully satis- 
fied on this subject, nothing farther is requisite 
than to compare them with the shells found on 
the shores of the sea. The slightest examina- 
tion will convince us, that petrified and fossil 
shells are precisely the same with those of the 
ocean j for they are marked with the same fur- 
rows and articulations, however minute •, and, 
in the glossopetri and other teeth of fishes, which 
are sometimes found adhering to the jaw-bone. 


* Se 8 Ray Discourses, , 19 . 178. 
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it is obvious, that the teeth are worn and po- 
lished at the extremities, and that they have been 
used by the living animals. 

Fossil shells are almost every whel*e to be met 
with ; and, of those of the same species, some are 
small, others large, some young, others old, some, 
entire, otbers imperfect ; and sometimes young 
ones appear adhering to the old. 

The shell-fish called Purpura has a long 
toqgue, the extremity of which is so sharp and 
osseous, that it pierces the sliells of other fishes, 
in order to extract nourishment from them. 
Shells pierced in this manner are often found 
in the bowels of the earth ; which is an incon- 
testible proof that they were formerly inhabited 
by living fishes, and that they existed in the same 
places with the purpura *. 

The obelisks of St. Peter’s af Rome, accord- 
ing to John of Latran, were said to hare been 
brought from the Egyptian pyramids : they 
consist of a red granite, which, as formerly re- 
marked, contains no shells. But the ancient 
marbles of Africa and Egypt, and the porjihyry 
said to have been brought from Solomon’s 
Temple, and the palaces of the Egyptian kings, 
and employed in several of the Roman buildings, 
are full of shells. Red porphyry is composed 
of an infinite number of the prickles of that 
species of echinus called a sea chesnut; they 
are placed very near each other, and form the 
white points of the porphyry. Each of these 


» Sec Woodward, p. 296, 300. 
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points luis a black speck in the middle, which 
is the section of the longitudinal tube of tlie 
prickle of the echinus. At Ficin in Burgundy, 
three leagues from Dijon, there is a red stone 
so similar to porphyry, that it dilfers only in 
density, not being harder than marble : it is en- 
tirely composed of the points or j»rickles of the 
echini, and the stratum of it is considerable both 
in thickness and extent. Many excellent pieces 
of workmanship are made of it in this province, 
and particularly the steps which lead to the pe- 
destal of the equestrian statue of Louis le Grand, 
at Dijon. This species of stone is also found in 
Montbard in Burgundy j it is softer than marble 
but it contains still more prickles of the echini, 
and a smaller proportion of red matter. Thus 
the ancient porphyry of Egypt, and the por- 
phyry of Burgundy, differ only in the degree 
of hardness, and in the quantity of prickles 
or points of the echinus contained in them. 

With regard to what is called green porphyry, 
I imagine it to be rather a granite than a por- 
phyry, It is not, like the red porphyry, com- 
posed of the prickles of the echinus i and if? 
substance has a greater resemblance to that of 
common granite. The ancient walls of Vola- 
tera in Tuscany have been built of stones iti 
which are many shells, and these walls were 
erected ^J,500 years, ago*. Most marldes, por- 
phyries, and other stones employed in the build- 
ings of the ancients, contain siiells and other 
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productions of the ocean, in the same manner as 
some of onr modern marbles. Hence we may 
conclude, that, independent of the testimony of 
holy writ, the earth, before the deluge, was com- 
posed of the same materials as at present. 

Upon the whole, it is apparent, that petrified 
shells are Tound in Europe, in Asia, in Africa, 
and in every place where proper researches have 
been made. They are also found in America, 
in 4he Brasils, for example, in Tucumana, in 
Terra Magellanica, and in such vast quantities 
in the Antilles, that what the inhabitants call 
lime, which lies immediately below the soil, is 
nothing but a congeries of shells, corals, madre- 
pores, astroites, and other sea bodies. These 
incontcstible facts would have led me to con- 
clude, that petrified shells, and other productions 
of the ocean, were to be found through the 
whole continent of America, and especially in 
the mountains, as Woodward affirms. But M. 
de la Condamine, who lived several years in 
Teru, assures me, that he was never able to dis- 
cover any of them in the Cordeliers, althoug’h he 
had diligently searched for them. This pheno- 
menon would indeed be singular, and would lead 
to conclusions still more uncommon. But, I 
confess, the testimony of this celebrated observer 
notwithstanding, I am strongly inclined to be- 
lieve that there are, in the mopntains of Peru, as 
well as every where else, petrified shells and other 
sea bodies, although they have not yet been dls~ 
covered. In matters which depend on testimony, 

tVxC pOS\t\vt^ CVldcMCO two WVVOUSSCS IS a coxu-* 
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plete proof; but the evidence of ten thousand 
witnesses, who only declare in the negative, that 
they never observed a particular appearance, gives 
rise to nothing more than a slight doubt. Thus 
reason, joined to the force of a general analogy, 
obliges me to persist in believing that fossil shells 
will still be found in the mountains of Peru, 
especially if they are searched for in tlje sides, 
and not on the very summits. 

The tops of high mountains are generally 
composed of granite, free-stone, and other vitri-» 
liable materials, which never contain shells. 
I’hese matters were all formed out of beds of 
sand, wlien they were covered by the sea, But, 
when the waters left the mountains, Hiey would 
carry off the san»l, and other light bodies, into the 
plains, and leave nothing on their tops but those 
beds rif rock vvidcli had been formed below the 
stratum of sand. At two, three, or four hun- 

Loboms below tbe swmiwt of those moun- 
fains, we often Und marbles and other calcinabic 
matters, disposed in parallel beds, and contain- 
ing shells and other sea bodies. Hence, if JM. 
de la Condamine examined only the most ele- 
vated places, which consist of granite, of free- 
stone, or of vitrifiable sand, it is not surprising 
that he did not find fossil shells. But he ought 
to have explored the lower parts of the Corde- 
liers, and he would unquestionably have disco- 
vered beds of marble, earth, &c., mixed with 
shells ; for such beds have been found in every 
part of the world that has undergone a proper 
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But, supposing it to be a fact, that there are 
no productions of the ocean in the mountains of 
Peru, nothing could be concluded from it which 
could affect our theory. Some parts of the 
globe, and particularly places of such elevation 
as the Cordeliers, might never have been co- 
vered with* the sea. These mountains, however, 
would be an ample field for curious observation. 
They would not, in that case, consist of parallel 
beds. Their materials would be very different 
from all others : they would have no perpen- 
dicular fissures : the structure of the stones and 
rocks would have no resemblance to those of 
other countries : lastly. These mountains would 
exhibit the ancient structure of the earth before 
it was changed by the motion of the waters; 
they would discover the prinjitive state of the 
globe, its original form, the natural arrangement 

and connexion of its parts. But this notion is 

supported by too aVonder a foundation ; and it 
is more consonant to the rales of philosophy to 
believe that fossil shells exist in the mountains 
of Peru, in the same manner as they exist every 
where else. 

With regard to the position of shells in beds 
of earth or of stone, let iis attend to the follow- 
ing -passage of Woodwartl : “ All the shells that 
are found in numberless strata of earth, and 
rocks, in the highest mountains, and in the most 
profound quarries and mines, in flint, cornelian, 
agate, &c., and in masses of sulphur, marcasites, 
and other mineral and metallic bodies, are filled 
with the same substances that compose the strata! 
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in which they are included, and never with any 

heterogeneous matter;” p. 206, &c. — “ We 

now find in the sand-stone of all countries (the 
specific gravity of the several sorts whereof is 
very little different, being generally^to water as 
or tV to 1), only those conchac, pectines, coch- 
leoB, and other sliells tliat are nearly of the same 
gravity, viz. 2i- or to 1. But there are ordi- 
narily found enclosed in it prodigious numbers; 
whereas, of oyster shells (which are in gravjty 
but as about to 1), of echini (which are but as 
2 or 2r to 1), or the other lighter kinds of shells, 
scarce one ever appears therein. On the con- 
trary, in chalk (w'hich is lighter than stone, being 
but as about 2t» to 1) there are only found echini, 
and the other lig.ter sorts of shells;” p. 32, 33. 

It must here be remarked, that what Wood- 
ward says with respect to specific gravity, is not 
universtilly true; for shells of dilTerent specific 
gravities arc eftcn found in the same matters; 
shells of cockles, of oysters, and of echini, for 
example, are found in the same be<l of stones 
or of earth. In the cabinet of the French king, 
there is a cockle petrified in a cornelian, and 
echini petrified in an agate. Hence the difterence 
in the specific gravity of shells has had less in- 
fluence upon their jrosition in the strata of the 
earth than Woodward would have us to believe. 
The reason tvhy the shells of the echini, and 
othei's of a light texture, abound so much in 
chalk, is owing to this circumstance, that chalk 
itself is only decomposed shells ; those of the 
echini being lighter and thinner than others. 



OF FOSSIL SHELLS, &C. 249 

would be most easily reduced to powder or 
chalk ; and hence beds of chalk could exist only 
in those places where were formerly collected 
by the sea great quantities of light shells, the de- 
struction of which would form that chalk in 
which we still find shells that have resisted the 
operation »f time, either in an entire state, or in 
fragments sufficient to discover their species. 

This subject shall be more fully treated of in 
the^ article concerning minerals. I shall here 
only observe, that Woodward’s expressions arc 
often too general. He appears to assert, that 
shells are found as frequently, and in as great 
abundance, in flints, cornelians, chalcedonii, ores, 
and sulphur, as in other matters. But the fact is, 
that shells are a very rare phaenomenon in vitri- 
fialde or purely inflammable substances : and, in 
chalk, marl, and marbles, the quantity of them 
is so prodigious, that it is impossible to affirm 
that the lighter and heavier shells are uniformly 
found in strata corresponding to their specific 
gravities, though, in general, this may be the 
case, oflener than otherwise. They are all im- 
pregnated with the bodies in which they are im- 
mersed, whether in the horizontal beds, or in the 
perpendicular fissures; because the whole has 
been .affected by the operation of water, though 
at different times and in different maunet's. Those 
found in the horizontal beds of stone, marble, &c., 
have been transported and deposited by the 
waves of the sea ; and those found in flints, cor- 
nelians, and other matters, peculiar to the per- 
pendicular fissures, were formed by rills of water 
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impregnated with lapidific or metallic substances. 
In both cases, the matter that fills the shells has 
been in the state of a fine impalpable powder ; 
because every pore of them is completely filled, 
and the moulds of them are as exact as the im- 
pressions of a seal upon %vax. 

It is, therefore, apparent, that in stone, mar- 
ble, &c., there are multitudes of shells so entire, 
and so well preserved, that they may be com- 
pared with those in our cabinets, or upon ■ the 
shores of the sea. 

“ There being, I say, besides these, such vast 
multitudes of shells contained in stone, &c., 
which are entire, fair, and absolutely free from 
any such mineral contagion ; which arc to be 
matched by others at this day found upon our 
shores, and which do not differ in any respect 
from them ; being of the same size that those are 
of, and the same shape precisely ; of the same 
substance and texture, as consisting of the same 
peculiar matter, and this constituted and dis- 
posed ill the same manner as is that of their 
respective fellow kinds at sea; the tendency of 
the fibres and strias the same ; the composition of 
the laniellai, constituted by these fibres, alike 
in both ; the same vestigia of tendons (by means 
whereof the animal is fastened and joined to the 
shell) ; in each the same papillae ; the same su- 
•tures, and every thing else, whether within or 
without the shell, in its cavity, or upon its con- 
vexity, in the substance, or upon the surface of 
'it. Besides, these fossil shells are attended with 
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they sonr^times grow to one another, the lesser 
shells being fixed to the larger : they have the 
balani, tubuli vermiculares, pearls, and the like, 
(Still actually growing upon them. And, which 
is very considerable, they are most exactly of 
the same specific gravity with their fellow kinds 
now upoif the shores. Nay farther, they an- 
swer all chemical trials in like manner as the 
sea shells do j their parts, when dissolved, have 
the. same appearance to view, the same smell and 
taste*.” 

I have often observed with astonishment, whole 
mountains, chains of rocks, and extensive quar- 
ries, so full of shells, and other sea bodies, that 
there was hardly space left for the matters in 
which they are deposited. 

I have seen some arable fields so full of pe- 
trified cockles, that they might be picked up by 
a blind man, others entirely covered with cornu 
ammonis, and others with cardites; and the more 
this subject is inquired into, we shall be the 
more thoroughly convinced, that the number 
of petrifactions is infinite, and that it was ab- 
solutely impossible that all the animals which 
inhabited these shells could exist at the same 
time. 

I “have farther remarked, that the stones of 
those arable lands which abound with petrified 
shells in an entire form, well preserved, and de- 
tached from all other matter, are frittered down 


• Woodward, p. 23 , 24. 
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by frost, which destroys stones, but has little 
e^ect upon petrified shells. 

These immense quantities of petrified sea bo- 
dies, found in so many different places and situ- 
ations, prove, that they could not be transported 
and deposited by the waters of the deluge ; for 
the greatest part of them, instead of being found 
in the bowels of the earth, and in solid marble 
at the depth of seven or eight hundred feet, must 
liavc remained on the surface. , 

In all quarries, petrified shells form part of 
the internal structure of the stone, the surface 
of which is often covered with stalactites, a 
matter much less ancient than the stone that 
contains the shells. Another proof that these 
shells could not be derived from the deluge is, 
that the bones, horns, claws, &c,, of land ani- 
mals, are seldom found in a petrified slate, and 
are never incorporated in marble, or other hard 
stones, whereas, if these effects had been pro- 
duced by the deluge, the remains of land ani- 
mals would have been found in marbles, as well 
as those of fishes*. 

To allege, that the earth was entirely dis- 
solved at the time of the deluge, is a mere gratui- 
tous supposition, which required a second miracle 
in order to give water the power of an univer- 
sal dissolvent. Besides, it infers an evident con- 
tradiction 5 for, if water was then an universal 
menstruum, how could shells have been pre- 


Ray's Discourses, p. J 78 , &c. 



353 


or FOSSIL SHELLS, &C. 

sefved in the entire state in which we find them ? 
This is an evident demonstration, that no such 
dissolution took place, and that the parallel strata 
were not formed in an instant, but w'ere gradu- 
ally produced by successive sediments ; for, it is 
apparent to every observer, that the disposition 
of all the ii)‘aterials composing the earth has been 
occasioned by the operation of water. Tlie only 
question, therefore, that remains, is, whether 
this . arrangement of parts was produced all at 
once, or in a succession of lime? Now, it has 
already been shown, that it could not possibly 
happen at one time ; because the materials are 
not disposed according to their specific gravities, 
and because they never suffered a general disso- 
lution. This arrangement, therefore, must have 
originated from successive sediments. Any other 
cause, or particular revolution, would have given 
rise to an arrangement totallj'’ different. Besides, 
particular revolutions, or accidental causes, could 
never have produced a uniform disposition of 
hori;!Oiital and parallel strata throughout the 
wliole globe. 

Let us attend to what the historian of the 
Academy* has said upon this subject. 

“ The many marks of extensive inundations 
and the manner in which mountains must be 
conceived to have been produced if, demonstrate, 
that the surface of this earth has suffered great 


* Ann. 17 18, p. 3. t Memoire^, p. 287. 

i rilistoire de 1703, p. 22.; de 1706, p. 9.f d« 1708, 
p. 34; etde 1710, p. 8, &c. 
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revolutions. However deep we penetrate into 
the globe, we discover nothing but ruins, bodies 
of different kinds amassed and incorporated 
without any order or apparent design. If there 
be any regularity in the structure of the earth, 
it lies too deep for our researches; we must, 
therefore, confine ourselves to the ruins of the 
external crust, which will be sufficient to occupy 
the attention of philosophers. 

“ M. de Jussieu discovered, in the neighbour- 
hood of St. Chaumont, a great quantity of slaty 
or laminated stones, every lamina of which 
was marked with the impression of a stem, leaf, 
or otlier portion of some plant. The impressions 
of leaves were uniformly extended, as. if they 
had been stretched in the stones by the hand; 
a clear demonstration, that they had been 
transported by water, which always keeps 
leaves in that position: their situations were 
various, and sometimes they lay across each 
other. 

“ It is natural to imagine, that a leaf depo- 
sited by water upon soft mud, and then covered 
by a sinular layer of mud, would impress upon 
the undermost layer the figure of its one side, 
and upon the uppermost the figure of its oppo- 
site side; and, after these layers hardened and 
petrified, that they would each bear an impres- 
sion oi’ a diffi'reut .- ide of the leaf. But this sup- 
position, however natural, does not take place : 
the tw'o lamium of stone uniformly bear the im- 
pression of the same side of the leaf, the one in 
alto, the other in ba^s relief. For this obser- 
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F£Vtion, with regard to the figured stones of St. 
Chaumont, we are indebted to M. de Jussieu ( 
but we leave the explication of it to himself, and 
shall proceed to remarks of a more general and 
interesting nature. 

** All the impressions on the stones of 
Chaumont are of foreign plants, which are not 
to be found in any part of France; they are 
natives either of the East Indies, or of the warmer 
climates of America. Most of them belong to 
the capillary tribes, and they are generally par- 
ticular species of ferns, the close texture of which 
enables them both to make deep impressions, 
and to remain long in a state of preservation. 
M. Leibnitz was astonished to find the impres- 
sions of the leaves of a few East India plants 
upon some stones in Germany: in the example 
under consideration, the wonder is greatly aug- 
mented; for, by some unaccountable destination 
of nature, it would appear, that, in all the stones 
of St. Chaumont, not a single impression of a 
native plant is to be found. 

" From the number of fossil shells in the 
mountains and quarries exhibited in this country, 
as well as in many others, it is apparent, that 
it must have formerly been covered with the sea. 
But how could the American or Indian Oceans 
come hither ? 

“ To solve this and other surprising phae- 
nomena, we may suppose, with much probabi- 
lity, that the sea originally covered the whole 
globe. But this supposition will not answer; 
because no terrestrial plants could then exist: 
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the plants of one country, therefore, could 
only be transported to another by great inun- 
dations. 

M. de Jussieu imagines, that as the bed of 
the sea is always rising higher by means of the 
mud and sand incessantly carried into it by the 
rivers, the sea, at first confined by nabir:\l dikes, 
might at last surmount them, and spread over 
the land to great distances; or, which would 
produce the same effect, the dikes might in 
time be rendered so thin, by the constant ope- 
ration of the water, that they would at last 
give yray. Soon after the formation of the 
earth, when nothing had assumed a regular 
or settled form, sudden and prodigious revo- 
lutions might then be produced, of which we 
have now no examples, because every thing 
is in such a fixed and permanent state, that 
only slow and inconsiderable changes can take 
place : it is for this reason that we find a dif- 
ficulty in crediting revolutions more sudden and 
tremendous. 

“ By some of these great revolutions the West 
or East Indian Oceans might have been poured 
in upon Europe ; in their journey, they would 
tear up foreign plants, carry them off floating 
on the waves, and gently deposit them in shal- 
low places, from which the waters would soon 
evaporate.” 
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ARTICLE IX. 

t)f the Inequalities upon the Earth's Surface. 

Though the inequalities upon the surface 
of tile earth may be considered as a defor- 
mity in its figurCj they are absolutely necessary 
to vegetation and animal life. To be convinced 
of this fact, we need only consider vVhat would 
be the condition of the earth, were its surface 
perfectly smooth and regular. Instead of those 
beautiful hills which furnish abundance of water 
for supporting the verdure of the earth, in- 
stead of those richly garnished fields, where 
plants and animals find an easy and comfort- 
able subsistence, a dreary ocean would cover the 
whole globe) and the earth, deprived of all its 
valuable and alluring qualities, would be an ob^- 
sciire abandoned planet, suited only for the habi- 
tation of fishes. 

But) independent of moral considerations, 
which seldom ought to be employed in natural 

VOL. I. s 
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philosophy, the surface must, from.^ physical 
necessity, have been irregular j for, supposing it 
to have been originally smooth and level, the 
motion of the waters, subterraneous fires, the 
winds, and other external causes, would neces* 
sarily produce, in time, irregularities similar to, 
those which we now behold. 

Next to the elevation of mountains, the depths 
of the ocean form the greatest inequalities. This 
depth is exceedingly diversified, even at great 
distances from land. In some places the sea is 
said to be a league in depth ; but that is a rare 
phaenomenon ; and the most common depths are 
from 60 to IdO fathoms. Gulfs and branches of 
the ocean which run in upon the laud, arc still 
less deepj and straits are generally the most 
shallow places. 

Depths are commonly sounded by a piece of 
lead, of 30 or 40 pounds weight, fixed to a small 
rope. This method answers well enough for or- 
dinary depths, but it is liable to error when the 
depth is very great j lor the cord being s[)ecifi- 
cally lighter than water, after much of it has 
l>een wound down, the weight of, the lead arid 
that of the cord become nearly equal to their 
bulks of water; then the lead descends no more, 
but runs olf in an oblique line, and floats at tha 
same depth. Hence, in sounding great depths, 
an iron chain, or some body heavier than water, 
should be employed. It is for want of atten- 
tion to this circumstance, that some navigators 
have been led to maintain, that Uie sea, in ;nany 
places, has no bottom. 
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In general, the depths ih open seas augment 
or diminish in a pretty regular manner^ being 
commonly deeper the farther from land. But 
to this remark there are many exceptions j fof 
there are places in the middle of the sea, as at 
the Abrolhos in the Atlantic, where large shelves 
appear; aad there are, in nilier places, vast sand- 
banks, well known to the mariners who sail to 
the East Indies. 

Along coasts, the depths are likewise very 
irregular. How’ever, it may be laid down as a 
certain rule, that the depth is always propor- 
tioned to the height of the coast : the same ob- 
servation applies to rivers. 

It is easy to measure the height of mountains^ 
either geometrically, or by the barometer. This 
instrument determines the height of a mountain 
pretty exactly, especially in countries where its 
variation is not considerable, as at Peru and 
other equatorial climates. By one or other of 
these methods, the height of most mountains has 
already been ascertained ; for example, it has 
been found, that the highest moruntains of Swit- 
zerland exceed Canigau, the most elevated of 
the Pyrennees, 1,600 fathoms*. These moun- 
tains appear to be the highest in Europe, since 
they give rise to a great number of rivers which 
run into different and very distant seas, as the 
Po, wdiich empties itself in the Adriatic, the 
Rhine, which loses itself in the sands of Hol- 
land, the Rhone, which falls into the Mediter- 


* See Hist, de I’Acad. 1708, p. 24. 
S 2 



260 


INSQUAMTiES UPON 


raiican, and the Danube, wliich rims into th^ 
Black Sea. The.'ie tour rivers, the months of 
which :ire so distant, derive part of their water# 
from St. Gothard and the iK'i<>hbouriiig tnoim- 
taiiis; a clear proof that this place is the most 
elevated part of Euro[)e. 

Mount 'raurus, litians, Cauc.isur, and the 
mountains of Japan, are higher th.ln any in 
Europe; The mountains of Africa, as the great 
Atlai, and the mountains of the Moon, are at 
least equally high with those of Asia; and the 
highest of all are those of South .\merica, and 
especially of Peru, which are .3,00t) fathoms above 
the level of the sea. In general, the tropical 
mountains are more elevated than those of the 
temperate zones, and those of the latter are higher 
than those nearer the poles. Thus, the nearer 
the equator, the greater are the superficial ine- 
qualities, which, though considerable with regard 
to us, are nothing when estimated in relation to 
the whole globe. A dilF..*rcnce of 3,000 fathoms 
in 3,000 leagues diameter, is but a fathom to a 
league, or a foot to 2,200 feet, and, upon a globe 
of 2r feet, would not make the Ibth part of a 
Etench line. Ilcncethis eartii, which to ns ap- 
pears to be traversed and intersected by moun- 
tains of an enonnniis lieight, and by seas of a 
dreadful depth, is, in relation to its size, but 
slightly furrowed with inequalities so inconsi- 
derable, that they cannot make any variation 
upon its general figure. 

In continents, the mountains form continued 
chains; but, in islands, they arc more inter- 
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ruptcd, generally rise in the fonv of a cone, 
or pyramid,' and are distingiiislud by the name 
of peaks. The Peak of Teneriffe, is one of 
the highest mountains in the earth; it is nearly 
a league and a half perpendicular iibove the 
level of the sea. The Peak of St. George, in 
one of th^ Azores, and the Peak of Adam, 
in the island of Ceylon, are likewise exceed- 
ingly high. These peaks are composed of 
rocljs, piled above eaclj other; and all of them 
throw out, from their summit.^, fire, ashes, bitu- 
men, minerals, and stones. Some islands, as S^. 
Helena, Ascension Isle, and most of the Canaries 
and Azores, are only tlje tops or points of moun- 
tains. It is also worthy of remark, that the 
middle of most islands, promontories, and capes, 
is the most elevated, and tliat they are generally 
divided into two parts, by chains of mountains 
which run in the direction of 'their grcate.st 
length : in Scotland, for example, the Grampian 
mountains (Grans-bain) extend from east to 
west, and divide the island of Great Britian into 
two parts : the same thing takes place in Su- 
matra, the Lucca Islands, Borneo, Cek hes, Cuba, 
St. Domingo, the peninsulas of Corea and Ma- 
laya, &c. Italy is also longitudinally traversed 
by the Appennines. 

Mountains, as mentioned above, are of differ- 
ent heights ; the hills are lowest ; th"n follow 
the mountains of an ordinaVy height, which 
are succeeded by a tltird range still biglier. All 
these are commonly covered with trees and 
platUs i but neither of them furnish springs ex- 
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cept at their. bottoms. In the last and highest 
range, we find nothing but sand, loose ‘stones, 
flints, and rocks, the tops of which often reach 
above the clouds. Precisely at the foot of these 
rocks, are.little plains or hollows, which collect 
rains and snow, and form those ponds, morasses, 
or fountains, from which the rivers f’erive their 

i 

sources *. 

The figure of mountains is likewise very dif- 
ferent. Some consist of long chains of nearly 
an equal height ; others are intersected by deep 
valleys ; the contours of some mountains are 
pretty uniform ; those of others are most irre- 
gular, and sometimes a detached little mountain 
appears in the middle of a plain or valley. There 
are also two kinds of plains ; some occupy the 
low grounds, and others ajtpear in the moun- 
tains. The former are generally divided by 
some large river; but the latter, though their 
extent be consiilerable, are dry, or furnished with 
a small rill only. The ph^ins in the mountains 
are often exceedingly high, always of difhcult 
access, and form one country above another, as 
in Auvergne, Savoy, and other elevated pro- 
vinces. The soil of them is firm, and produces 
plenty of herbs and odoriferous plants, which 
make them the finest pasture-grounds in the world. 

The tops of high mountains are composed of 
rocks of different elevations, which, when viewed 
at a distance, make them resemble the waves 

* See Lettres Pliilosophiqiies snr la Formatioti ties Sels, &v., 

p. 198. 
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of the sea *. This is not *the only reason for 
our affirming that mountains were formed by 
the motions of the sea ; I only mention it, be- 
cause it corresponds with every other phseno- 
menon. But the following facts put this point 
beyond all controversy : the fossil shells, and 
other sea ^bodies, every where found in such 
profusion that they could not possibly be trans- 
ported from the sea, in its present state, into 
continents so distant, and deposited at such great 
depths in the bowels of the mountains : tlie 
universal parallelism of the different strata, an 
effect which could only be produced by water, 
and the composition even of the most dei>se of 
them, as those of stone and marble, which clearly 
evinces, that, before their formation, they had 
been reduced into a fine powder, ami precipi> 
tated to the bottom in the form of sediments : 
the exactness with which the fosssil shells arc 
moulded in the matters in which they are found: 
the cavities of fossil shells, which are uniformly 
Ailed with the same substances that contain 
them: the corresponding angles of hills and 
mountains, which nothing could effect but the 
currents of the ocean ; the equality in the 
heights of opposite hills, and the different strata 
uniformly appearing at tlie same levels : and, 
lastly, the direction of mountains, the chains of 
which extend longitudinally, like the waves of 
the sea. 


* Src Lettres Philosaphtquc!i sur la Formation dcs Scis, &c., 
p- 196. 
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With regard to the depths or hollows on tho 
surface of the earth, those of the ocean are un- 
questionably the greatest. But, as these are hid 
from human view, and can only be discovered 
by sounding, we shall confine ourselves to those 
which appear on the dry land, such as deep val- 
leys, precipices found between rochg, abysses 
that present themselves in high mountains, as the 
abyss of Mount Ararat, the precipices of the 
Alps, the valleys of tlie Pyrennecs, Sac. Tliese 
depths are a natural conseijuence of the elevation 
of mountains j they receive the water and earth 
carried down from the high grounds; their 
soil is generally fertile ; and they are full of in- 
habitants. The precipices among rocks are 
often Qccasioned by a sudden sinking of one side, 
the base, which generally inclines more one way 
than another, being loosened by the action 
of the air, and of frost, or by the violence of 
torrents. But abysses, or those enormous pre- 
cipices that appear on the tops of some moun- 
tains, and, to the bottom of which, though their 
circumference be a mile and a half, or three 
miles round, it is impossible to descend, have 
been formed by the operation of fire. They 
have been the furnaces of ancient volcanoes, the 
matter of which has been exhausted by explo- 
sions, and the long action of fires that are now 
extinguished by the defect of combustible mat- 
ter. Of this kind is the abyss of Mount Ara- 
rat, describ('d by Tournefort. It is surrounded 
with rocks which are black and burnt. The 
abysses of .£tna and of Vesuvius will have the 
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•same appearance after their inflammable mate- 
rials are exhausted. 

In Plot’s history of the .county of Stafibrd, in 
England, there is an account of a kind of gulf, 
which was sounded by a rope of 2,600 feet, with- 
out finding either water or bottom, the rope 
being too ^ort *. 

TKe greatest cavities, and the deepest mines, 
are generally in the mountains, anrf seldom de- 
scend to the level of the plains. By them we 
discover the internal structure of the mountain 
only, not that of the globe itself. 

Besides, these depths are not very considerable. 
Mr. Ray afiirms, that the deepest mines exceed 
not half a mile. The mine of Cotteberg, which, 
in the time of Agricola, was esteemed to be the 
deepest in the world, was only 2,500 feet in 
perpendicular depth. There are, indeed, holes 
in particul.ar places, as that mentioned by Plot, 
or Pool’s Hole in the county of Derby, the depth 
of which is probably very great; but none of 
them bear any sensible proportion to the thick- 
ness of the globe. 

If the kings of Egypt, in place of erecting 
■pyramids as monuments of their vanity and 
riches, had expended equal sums in making pro- 
found excavations into the bowels of the eartl), 
to the depth of perhaps a league,, they might 
have discovered substances which would have 
recompensed their labour; they would at least 
have extended the knowledge of the earth’s in- 


* See Journal des Savans, 16d0, p. 12. 
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ternal structure, which might have been pro*' 
ductive of much utility. 

But, let us return, to the mountains. The 
highest of them lie between the tropics j and 
the nearer we approach to the equator, the 
greater are the inequalities on the earth’s sur* 
face. A short enumeration of mountains and 
islands will be sufficient to establish this point. 

In America, the Cordeliers, which are the 
highest mountains in the world, lie precisely 
under the equator, and they extend on both sides 
a considerable way beyond the tropic circles. 

Our mathematicians who were sent to Peru, as 
well as some other travellers, have measured the 
height of these mountains above the level of the 
South Sea. Some of them were measured geo- 
metrically, and others by the barometer, which, 
being subject to little variation in that climate, 
gives the heights nearly as exact as a geometri- 
cal measurement. The following are the results 
of their observations. 


Heights of the most elevated Mountains of the Pro- 
vince of Quito in Peru. 

Fathom 

Cota-catch6, to the north of Qnito . 2,570 

Cayamb^-orcoii, under the equator . d,030 
Pitchincha, a volcano in 15S92 1577, 

and 1660 ’ . . 2,430 

Antisana, a volcaiw in 1590 .... 3,020 
Sinchoulogoa, a volcano in 1660 . . 2,570 
Illinica, supposed to be a vcdcano . . 2,71? 
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Fathoms. 

Coto-paxi, a volcano in 1533, 1742, and 

1744 2,95.0 

Chinbora90, a volcano } the date of its 

eruption unknown ...... 3,220 

Cargavi-raso, a volcano in 1C9B . . . 2,450 

Tongouraaoa, a \olcano in 1641 . . . 2,620 

El altan, %ne of the mountains called 

Coillanes 2,730 

Sanguai, a volcano which has burnt since 

the year 1728 ' 2,680 


By comparing the heights of the mountains 
of South America with those of our Continent, 
we - perceive that, in general, they are one 
fourth part higher than the mountains of Eu- 
rope, and that almost the whole of them have 
been and actually are volcanoes. But even the 
highest mountains in the interior parts of Europe, 
Asia, and Africa, have been extinguished long 
beyond the record of history. It is true, that, in 
several of these last mountains, we evidently re- 
cognise the ancient existence of volcanoes, as 
well by the black and burnt sides of precipices, as 
by the nature of the matters which surround 
them, and which extend along the ridges of the 
mountains. But, as these mountains are situ- 
ated.in the interior parts of continents, and now 
very distant from the sea, the action of the sub- 
terraneous fires, which cannot produce great ef- 
fects but by the shock of water, ceased after the 
seas retired. It is for this reason, ttiat, in the 
Cordeliers, whose roots may be said to border 
upon' the South Sea, most of the peaks are actual 
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volcanoes ^ while the volcanoes of Auvergne, Vi- 
varais, Languedoc, Germany, Switzerland, &c., 
in Europe ; and those of Mount Ararat in Asia; 
and of Mount Atlas in Africa, have long been 
absolutely extinct. 

The height at which vapours freeze is about 
.2,400 fathoms in the torrid zone, 'wnd about 
1,500 in France. The tops of high mountains 
sometimes surpass this line from 800 to 900 
fathoms, and all this space is covered with snow 
which never melts. The highest clouds rise not 
above 300 or 400 fathoms above these moun- 
tains, and consequently exceed the level of the 
sea about 3,600 fathoms. Hence, if the moun- 
tains were still higher, we should see, in the tor- 
rid zone, a belt of snow commencing at 2,400 
fathoms above the level of the sea, and terminat- 
ing al 3,500 or 3,600 fathoms, not on account of 
the cessation of tl)e cold, which augments in pro- 
portion to the elevation, but because the vapours 
would not rise liighor 

M. de Keralio, a learned philosopher, has col- 
lected the heights of the mountains in several 
countries, from the measurements of different 
pt^rsons. 

. In Greece, M. IJernoulli determined the height 
of Mount Olympus to be 1,017 fathoms. Hence 
the snow cannot lie upon it perpetually; neither 
can snow lie constantly on Pelion in Thessaly, 
nor on Catlialylinm and Cyllene; because the 
height of these mountains does not rise to tlie 


« Mem. life 1* Acad, des Sciences, ann. 17 
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freezing degree. M. Boiigner assigns 2,500 fa- 
thoms as the height of the Peak of Teneriffe, the 
top of which is always covered with snow. Mount 
i£tna, the Norwegian Mountains, the Ilemus, 
the Athos, the Atlas, the Caucasus, and several 
others, such as Mounts Ararat, 'laurus, and Li- 
banus, are /perpetually covered with snow, near 
their sumi!hits. 

Fathoms. 

Poqtoppidan informs us, that the highest 

mountains of Norway are .... 3,000 
Note, This measure, as well as the follow- 
ing, appears to be exaggerated. 

According to M. Brovallius, the highest 
mountains of Sweden are .... 2,333 

The following, according to the Memoirs 
of the Academy of Sciences, are the 
highest mountains of France. 


Le Cantal 984 

Mount Ventonx 1,03G 

Le Canigou of the Pyrenuees .... 1,441 

Le Mousscc 1,253 

Le Saint Barthelemy 1,184 

The Mountain of Gold in Auvergne, an 

extinguished volcano 1,043 

According to Mr. Needham, the height of 
the mountains of Savoy are, 

I'he Convent of St. Bernard .... 1,241 

The llock to the south of St. Bernard . 1 ,274 

Mount Scr6ne ’ . . . . 1,282 

L’ Alice Blanche 1,219 

Mount Tourr.6 1,G83 
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Pathonl$> 

According to M. Facio de Duiller, Mount 

Blanc, or the Cursed Mountain, is . 2,213 

It is certain, that the chief mountains of Swit-> 
Zetland are higher than those of France, Spain, 
Italy, and Germany. Several learned men have 
ascertained the height of these mountains. 

The greatest part of these mountain.', accord- 
ing to M. Mikheli, as the Wetter-horn, the 
Schreck-horn, theEighess-Schneeberg, the Fisher- 
horn, the Stroubcl, the Fourke, the Loukmarier, 
the Crispalt, the Mongle, the ridge of Baduts 
and Gottard, are from 2,400 to 2,750 fathoms 
above the level of the sea. But these measures, 
I suspect, are too high, especially as they ex- 
ceed, by one half, those given by Cassini, Scheuth- 
zer, and Mariotte, which’ may be estimated too 
low, but not to this extent. My suspicion is 
farther confirmed, by considering that, both in 
the cold and temperate regions, where the air is 
always troubled with storms, the barometer is 
subject to so great variations, that its results can- 
not be trusted. 

With regard to the direction of these moun- 
tains, the Alps form a continued chain which 
runs across the whole Continent from Spain to 
China. They commence on the sea-coast of 
Galicia, join the Pyrennees, traverse France, by 
Vivares and Auvergne, run through Italy, and 
stretch into Germany, above Dalmatia, until 
they reach Macedonia j from thence they join 
the mountains of Armenia, the Caucasus, the 
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Taurus, the Itnaus, and at last terminate on the 
coast of Tartary. Mount Atlas, in the same 
manner, traverses the vrhole Continent of Africa, 
from the kingdom of Fez to the straits of the Red 
Sea. The mountains of the Moon have likewise 
the same direction. 

But the mountains of America have an oppo> 
site direction. The vast chains of Cordeliers, 
and other mountains, run more from south to 
north than from east to west. 

This last assertion requires to be modified ; for 
though, at first sight, we may follow the moun- 
tains as far as China, by passing from the Pyren- 
nees in Auvergne, to the Alps in Germany, and 
in Macedonia, to Caucasus and other mountains 
of Asia, as far as the Tartarian Sea; and though 
Mount Atlas, in the same manner, appears to 
traverse the Continent of Africa from west to 
east, the middle of this vast peninsula may still 
consist of a chain of high mountains stretching 
from Mount Atlas to the mountains of the Moon, 
and from these to the Cape of Good Hope : in 
this view, the middle of the Continent of Africa 
may be considered as consisting of mountains 
which run from north to south through its w'hole 
extent, like the mountains of America. Those 
parts of Mount Atlas which traverse Africa from 
west to cast, should be considered as branches 
only of the principal chain. The mountains of 
the Moon, which run from west to east, may 
likewise be regarded as collateral branches ; and, 
if there are no volcanoes in this prodigious range 
of mountains, it may be owing to the vast dts« 
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tance Qf tl»e sea from the middle regions of Africa^ 
whilst, ill America, the sea is very near the foot 
of the high mountains, w'hich, instead of occupy-' 
iiig the middle of the peninsula of South Ame- 
rica, are all situated to the west ; and the exten- 
sive low lands are entirely on the east side. 

' The great chain of the Cordeliers ,are not the 
only mountains of America which* run from 
north to south. In the territory of Guiana, 
about one hundred and fifty leagues from^Ca- 
yenne, there is a chain of pretty high moun- 
tains, which also extends from north to souths 
On the Cayenne side, this chain is so steep, that 
these mountains are almost inaccessible. This 
steepness seems to indicate, that, on the other 
side, the declivity is gentle, and consists of fine 
land. The tradition of the country, accordingly, 
or rather the testimony of the Spaniards, is, 
that, beyond the mountains, there are populous 
nations of savages united into regular societic.s. 
It is likewise said, that there is a gold mine in 
these mountains, and a lake in which grains ot 
gold are found : but this fact requires confirmation. 

In Europe, the chain of mountains which be- 
gins in Spain, and jiasses through France, Ger- 
many, and Hungary, divides into two great 
branches, one of which extends into Asia by 
the mountains of Macedonia, Caucasus, &c., 
and the other branch stretches from Hungary 
into Poland and ftussia, and extends as far as 
the sources of tlie AVolga and Boristhenes ; and, 
stretching still larther, it joins another chain in 
Siberia, and terminates in the North Sea to the 
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West of the river Oby. These chains of moim- 
taiiis ought to he regarded as one continued 
ridge, from which several large rivers derive 
their sources: some of these rivers, as the Ta- 
gus, and the Doura in Spain, the Garonne and 
the Loire in France, and the Rhine in Germany, 
empty themselves into the ocean ; others, as the 
Oder, the* Vistula, and the Niemen, fall into the 
lialtic Sea ; others, as the Dwina, fall into the 
Wliite Sea, and the riv(‘r Petzora empties itself 
into the Frozen Sjea. On the cast side, this chain 
of mountains gives rise to the Ycncar and libre 
in S])ain, to the Riione in France, and to the 
Po in Italy, wliic ii falls into the Mciliterraiiean j 
to the Danuhe and Don, vvliicli lose themselves 
in the Black S(-*a ; and, lastly, to tlic 
which falls into the Caspian. 

Norway is full of rocks and groups oi moun- 
taius. 'i'herc are plains, however, which extend, 
without interruption, six, eight, and ten miles, 
Tiieir direction is not from west to cast, like that 
of the Ollier European mountains. On the con- 
trary, they slrctcli, like the Corde liers, from south 
to north 

In the south of Asia, from the island of Cey- 
lon to Cape Comorin, there is a chain of moun- 
tains, whitdi separates Malabar from Coroman- 
del, traverses the Mogul country, joins Mount 
Caucasus, stretches through the country of the 
Calmucks, and terminates. in the North Sea to 

* Hist. Nat. cle Norwege. par Pontoppitlan. Journal Etran’ 
gcr, mois d'Aout, 1735. • 

VOL. I. T 
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the east of the Irtis. Another chain extentls 
from iiortli to south as far as Razatgat in Ara- 
bia, aiul may be traced, at some distance from 
the Dead Sf^a, as far as Jerusalem : it surrounds 
the extremity of the Mediterranean, and the 
point of the RIack Sea, from wliich it traverses 
Russia, and terminates in the North Sea. 

Wc may likewise remark, that the mountains 
of Indostan and those of Siam run from soutli to 
north, and both unite with the rocks of Thibet 
and Tarlary. Each side of these mountains pre- 
sents a dilferent season : on the west, they have 
six months of rain, while, on tlie east, they enjoy 
the finest weather*. 

All the mountains of Switzerland, as those of 
the Vallais and the Grisons, those of Savoy, 
Piedmont, and Tirol, form a chain, which ex- 
tends, from north to south, as far as the Medi- 
terranean. Mount Pelate, which is situated in 
the centre of Lucerne, nv’arly in the centre of 
Switzerland, forms a chain of about fourteen 
leagues, extending from north to south as far as 
the canton of Bern. 

We may therefore conclude, in general, that 
the greatest eminences of this globe are situated 
from north to south, and that those wliich run 
in other directions ought to be regarded as col- 
lateral branches only of these primitive moun- 
tains: and, it is partly by this disposition of 
the primitive mountains, that all the points or 
terminations of continents are eitlicr south or 


* nt i’olit. tom. ii. p. 4fi- 
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horth ; as appears frorti the points of Africa, of 
America, of California, of Greenland, of Cape 
Comorin, of Sumatra, of New Holland, &c. This 
fact seems to prove', as formerly remarked, that 
the waters have proceeded in greater quantities 
from the south than. from the north pole. 

If we consult a new map of the world, in which 
arc represe^nted, round the Arctic Pole, all the 
lauds of the four quarters of the globe, except the 
norUi point of America, and round the Antarctic 
Pole, all the seas, and the small portions of land 
to be found in the southern hemisphere, we shall 
evidently ])rrceive, that many more revolutions 
have happciicd in the latter than in the former 
hemi.s})lu‘r(*, and that the quantity of water has 
always been, and still is, much greater there than 
in our hemis|)hcre. Every thing concurs in 
proving, tliat the greatest inequalities of the globe 
exist ill the southern regions, and that the general 
direction of the primitive mountains is from north 
to south, rather than from east to west, through 
the whole extent of the earth’s surface. 

What we have now remark(‘d concerning the 
greatest ( Icvations of the land, applies ecpially to 
the greatest depths of the sea. The most exten- 
siv'c and deepest seas lie nearer the equator than 
the poles. From these united observations, the 
truth of our general position, that the greatest 
inecjualities of the globe are tg be found in the 
equatorial regions, is sufficiently established. 
These irregularities on the surface of the earth 
give rise to a number of curious phaDnoniena. 
Between the Indus and the Ganges, for example, 

T 2 
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there is a large pertinsula*, through the mirfdTtf 
of' which runs a chain of high mountainst callo^i 
the Gauts, which extends from north to souUi, 
from the extremity of Mount Caucasus to Capo 
Comorin. One side of this peninsula forms the 
coast of Malabar, the other that of Coromandeb 
On the Malabar side, between the chain of 
mountains and tlie sea, the season of Summer is 
from September to April ; and, during these 
months, the sky is st-rene, and no rain fails. 
But on the Coromandel coast, which lies on the 
other side of the mountains, this very period is 
their winter, and the rains fall in torrents. 
This reverse of summer and winter happens, in 
sorpe places, no farther distant than twenty 
leagues; so that, by crossing the mountains, a 
man has it in his power to change seasons. The 
Same .thing, it is said, takes place at Cape Raaal» 
gate in Arabia, and even in Jamaica, which i.^ ' 
divided from east to west by a chain of rauun> 
tains. On the south side of these mountains, 
the plantations enjoy the ^warmth of summer, 
while those bn the north sufler all th'e rigours of 
winter. Peru, which is. situated under the line, 
and extends about' 1,000 leagues toward the 
~ sooth, is divided into three long and narrow por- 
tions, called by the inhabitants Imkos, Sierras, 
and Andes. The Lanos, which are the plains, 
extend along the, coast of the South Sea; the 
Sierras are hilts interspersed with 'Valleys ; awl 
the Andra ate the famous Cordeliefs, . the highest 
mountains of the world. .The l^no^are about 
ten Idagcres broad'} the Sierras, ra imanw places. 
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twenty leagues; and the Andes nearly the same, 
though some parts of them are nuore, and others 
less broad. The breadth of these divisions is 
from cast to, west, aitd their length from south 
to north. This part, of the world exhibits the 
following remarkable appearances: 1st, Along 
the whole coast of the Lanos, a south-west wind 
almost constantly blows, which is contrary to 
the ordinary direction of the wind in the torrid :i 
zone. 2d, In the Lanos, it never rains or thiin- ' 
ders, though there are plenty of dews, dd. It ' 
rains almost continiiallv at the Andes. ,4lli. In ' 
the Sierras, which lie between the Lanos and the 
Andes, it rains from September to April. 

It was long thought that all high mountains 
run from west to east, till the contrary direction 
was discovered in Americai But M. Bourguet 
was the first whq remarked the surprising re- 
gularity in the structure of these great masses. 
After passing the Alps thirty times in fourteen 
different places, tiie Appennines twice, and makt 
ing several tours in the neighl>ourhuod of these 
mountains; and of Mount Jura, he found, that 
the contours of all mouutaius liave a near re- 
semblance to the works in regular fortification.s. 
When the direction of a mountain is from west- 
to east, ail its projections, dr advances, stretch 
to the south and north. This amazing ri^gula-. 
rity is so reniarkable in the- v;alleys, that a mi^n 
is apt to imagine he is- walking in a covered . 
way. If,, for exam|jje, a man travels in a val- • 
ley from north, to south, he perceives that the 
mountain which lies to the right hand makca; 
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projections to the east, and that the projections 
of the opposite mountains regard the west, in 
such a manner, that the prominent and concave 
angles, on each side, alternately cori'espond with 
one another. When the valleys are large, the 
angles of the mountains are less acute, because 
they are more distant from each other, and the 
declivity' is not so rapid or steep, llhese angles 
are not perceptible in plains, except when we 
station ourselves on the hanks of the rivers, 
which generally occupy the middle of the plains, 
and whose natural windings correspond to the 
most advanced angles or projections of the 
mountains. It is astonishing that such an ob* 
vious fact should have remained so long ,unno* 
ticed } for, it is apparent, that, in valleys lined 
with opposite mountains, when the declivity ofone 
of the mountains is less rapid than that of the 
other, the course of the rivers is not in the middle, 
but nearer to the steepest mountain 

These general observations might be confirmed 
by a multitude of facts. The mountains of 
Switzerland, for example, are steeper on the 
south side than on the north, and on the west 
side than on the east. This appearance is ob- 
vious in Mount Gemmi, Mount firisa, and in 
almost all the, other mountains in this ccmntry, 
the highest of, which are those which separate 
Vallesia, and the. Grisons of Savoy, from Pied- 
mont and Tirol. These countries are, indeed, 

• See Lettres Philosophiqaes sur la formation de Seh, p. 

]8t, 400 . 
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a coAtinuation only of the satpe inouiUauis> the 
chain of which exteoda to the Mediterr/^neap } 
and tile Pyreanee$ are a coi>tinuation ,Qnly 9f 
that vast aioantain, which coxotnences in Upper 
Vallesia, whose branches stretch far jto the west 
and south, and preserve, tbroaghout that whole 
extent, a great' height; but, on the north and ' 
east sides, *they gradually sink into plains, as ap- 
pears in those extensive countries which arc 
traversed by the Rhine and Danube before they 
finish their course, while the Rimne descends 
with rapidity to the south, and empties itself into 
the Mediterranean. The same observation is ex- 
emplified in the mountains of England and of 
Norway. But the most perfect example is af- 
forded by the mountains of Chili and Peru. The 
^Cordeliers are exceedingly steep on tiie west 
side ; but they have a gradual declivity to the 
east, and terminate in vast plains, which are wa- 
tered by the greatest .rivers in the world 

M. Bourguet, to whom we are indebted for 
the discovery of the correspondence between 
the angles of mountains, calls this discovery 
(he Key to the Theory the Earth. JHowever, 
he appears not to have perceived its whole im- 
portance ; for, in his treatise on this subject, he 
gives the skeleton only oi an hypothetical system, 
in which most of his concliffiioDS are either false 
'Or uncertain. The theory thpt we have delivered 
rests upon four principal facts, the troth of 
which, after examining the proofs that support 


** Sm Phil. Trans. Abridfg. vol. Vi. part ri, p. ISA. 
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them, cannot admit of a doubt: the ^rst is. 
That the earth, to very considerable depths, is 
every where composed of parallel strata of dif- 
ferent .matters, which were formerly 'in a fluid 
or soft state: the second, That the sea has, for 
many ages, covered the whole earth which we 
now inhabit : the third. That the tides and 
other motions of the waters, produce inequa- 
lities in the bottom of the sea : and the fourth. 
That the figure, and corresponding directioa of 
mountains, bare originated from currents in the 
ocean. 

All the valleys and dales on the-surface of the 
globe, as well as all the mountains and hills, 
have originated from two causes, namely, fire 
and water. When the earth first assumed its 
consistence, a number of inequalities took place^ 
on its surface } swellings and blisters arose, as 
' happens in a block of glass or of melted metal. 
Hence this first cause produced the original and 
the highest mountains, which rest on the inte- 
rior rock of the earth as their base, and below 
which, as every where else, there must have 
been vast caverns, which sunk in at different 
pe'riods. But, without considering this second 
event, the falling in- of the caverns, it is cer- 
tain, that, when the earth first consolidated, it 
was every where furrowed with depths and emi- 
nences, which wfre produced solely by . the 
action of cooling. Afterwaids, when the wa- 
ters' were precipitated from . the atmosphere, 
'which happened when the earth cooled so much 
ws to Be unable to repel the vapours, these wa- 
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ters covered the whole surface of the globe to 
the height of two thousand fathoms ; and, dur- 
ing their long abode upon our continents/ the 
motion of the tides and that of the currents 
changed the disposition of the primitive moun- 
tains and valleys. These amovements would 
form hills in the valleys, and would cover the 
bottoms dnd knaps of the mountains with new 
beds of earth j and the currents would produce 
furrows or valleys with corresponding angles. 
It is to these two causes, of which the .one is 
much more ancient than the other, that the pre- 
sent external form of the surface of the earth is 
to be referred. Afterwards, when the seas sunk 
down, they produced those steep precipices on 
the west, where they ran with the greatest ra- 
pidity, and left gentle declivities on the east. 

The structure of those eminences which were 
formed by the sediments of the ocean, is very 
different from that of those which owe their ori- 
gin to the primitive fire. The first , are dis- 
posed in horizontal beds, and contain an in- 
finite number of marine productions. The se- 
cond, on the contrary, are less regular in their 
structure, ' and include no marks of sea bodies. 
These mountains of the .first and ^cond forma- 
tion have nothing in common but the. perpendi- 
cular fissures; but these figures are effected by 
two different causes. The yitrescent matters, in 
cooling," diminished in size, and, of course, they 
split, and receded to different distances. But 
those composed of calcarious matters transported 
by the waters, spljt intp' figures solely by drying. 
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S8S 

I hav*e often remarked, that, in detached hiUs, 
ftie first effect of the rains is gradually to cariy 
<ik>wh from the summit the earth and other 
bodies, which form at the foot a pretty thick stra* 
tom «f good soil, while the top is left entirdy 
bare. This effecb is, and necessarily must be, 
produced by the rains. But a previous cause 
Asposed the^ &nd umilar matters roadd all hills, 
not esccepting those which are detached; for, 
on one side, the earth is .uniformly’ better than 
on' the other: the bills are always steep and 
precipitant on one side, and have a gentle de- 
clivity on the other ; which proves clearly, that 
the action, as well as the direotion of the motion 
of the waters, were greater on one dde than on 
the other. 

After pernsiug the proofs contained in the 
'subsequent articles, the reader wHl be enabled to 
determine whether I am -right in maintaining, 
-tbat.theBe facts, when firmily established, will like- 
wise ascertain the general .theory of ’the earth. 
What has been remarked conoeming the forma- 
tion of mountains needs no farther explication, 
But, .as it may be objected, that I have 'not ac- 
counted for the formation of -peaiks, or pointed 
-mountains, nor for seme other partioalar facts, I 
shall add such ol^ervations as baveoccurred upon 
this sabjeot. 

1 have ehdeavonred to ferm a distinct and 
general idea of the manner 'in Which -the -mate- 
irials composing this .eaHb are arranged/ and 
•have redoeed the wh^ te two dhwses. The 
iadades idl the matters, wbkdi 'aie disposed 
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In horizontal or regularly inclined beds or straita; 
and the second comprehends all those mattm 
which appear in detached masses, hi ridges, 
of in reins, eithw perpendicular or irregularly 
inclined. In the first class 1 rank sands, clays, 
granites, flints, and free^stones in large masses, 
pit-coal, slates, and likewise marls, chalk, -cd- 
cinable slones, marbles, &c. In the second, I in- 
clude metals, minerals, crystals, precious stones, 
and flints in small masses. Under these two 
classes^ all the known materials of the earth -are 
comprehended. Those of the first class owe 
their origin to sediments transported and depo<- 
sited by the waters of the sea, and ought to be 
distinguished into such as are calcina^ by the 
application of fire, and such as melt, and are 
convertible into glass. The matters compre- 
hended under the second class are all vitrifiable, 
with the exception of tlrose called inflammable, 
or which totally consume in the fire. 

There are, in the first class, two distinct spe- 
cies of sand; the one, which abounds more 
than any other matter in the globe, is vitrifiable, 
or rather consists of fragments of real glass: 
The other, which is less in quantity, is caloi- 
nable, and ought to be regarded as the dust of 
stone, and as differing from gravel only by the 
grossness of its grains. In general, vitrifiable 
sand lies in beds ; -but they* are frequently inter- 
rupted by masses of firee-stone, of granite, and of 
flint; and sometimes these substances appear in 
batiks of a considerable extent. 
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Sea shells are seldom found in this sand, or iii 
vitrifiable bodies; and even those which appear 
in (hem are not disposed in beds, but scattered, 
as it .were, by chance ; I never, for' example, 
found any in free-stone. This stone, which 
abounds in certain places, is nothing but sand 
united by a cement. It never appears but in 
countries where vitrifiable sand is freqdbnt ; and 
the quarries of it are generally in pointed hills, 
sandy lands, or interrupted eminences. . These 
quarries may be wrought on all sides; and, 
when they appear in large beds, they are more 
distant from each other than those of marble or 
calqinable stones, flocks of free-stone may be 
cut of all dimensions ; and, though it be diffi- 
cult to work, its hardness is inconsiderable ; for 
it is easily reduced to sand by friction, except 
the black points or pails sometimes found in it, 
which are so hard as* to resist the best files. Com- 
mon rock-stone, which I consider as a species 
of granite, is vitrifiable, and of a similar nature 
with free-stone ; it is only harder, and more firmly 
cemented. It has likewise several dense points, 
which cut the shoes of travellers on mountainous 
grounds. It also contains a great number of 
talky. spangles; and the whole is so hard as not 
to be worked without great labour. 

After narrowly examining these bard points 
found in free-stone a^nd granite, 1 discovered that 
-they consist of metallic matter, which has been 
melted and calcined by^ a strong fire,, and that 
they have a perfect resemblance to certain sub- 
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stances thrown out of volcanoes, of which I have 
seen vast quantities in Italy. They are called by 
the inhabitants Schiarri. They are black, heavy 
masses, upon which neither fire, water, nor the 
file, can make any impression. This metallic 
matter is different from lavaj the latter being a spe- 
cies of glass } but the former seems to partake 
more of ihetal than of glass. The points in freei 
stone and granite have a great resemblance to 
this matter, which is a farther proof that those 
substances have formerly been liquified by fire. 

This seems to indicate that the great masses 
of free-stone have originated from the action of 
the primitive fire. 1 at first imagined that this 
matter owed its density and the adhesion of its 
particles solely to the intervention of water. 
But I have since learned that the action of fire 
produces the same effect j and 1- siiall relate some 
experiments which at first' surprised me, but 
which 1 have repeated so ollcn as to remove 
every doubt upon this subject. 

EXPERIMENTS. 

I pounded free-stones of different degrees of 
haniness, till they were reduced to a powder 
nmre or less fine*. This powder I employed 
to cover the. cement I used in converting iron 
into steel. This powder • of free-stone was 
strewed over the cement, and heaped up, in the 
form of a dome of three or four inches in thick- 
ness, on an earthern vessel of three feet long by 
two broad. After undergoing the action of the 
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fire in my blast furnaces, during severat day# 
and nights without interruption, it was no longer 
the powder of free-stone, but a mass so solid 
that we were obliged to break it in order to 
uncover the vessel which contained the iron, 
now converted into steel. The action of fire 
upon this powder of free-stone produced masses 
equally solid as free-stone of a middling quality, 
which does not ring under the hammer. This 
fact showed that fire, as well as water, could 
prove a cement to vitrifiable sahd, and, conse- 
quently, might have formed those immense 
masses of free-stone which compose the nucleus 
of some of our mountains. 

I am, therefore, fully persuaded, that all the 
vitrescent matters, of which the interior rock of 
the globe, as well as the nuclei of great moun- 
tains are composed, have been produced by 
the action of the primitive fire ; and that the 
waters have only formed those accessory strata 
which surround these nuclei, which are all pa- 
rallel and horizontal, or equally inclined, and 
in which we find the relics of shells and other 
productions of the ocean. 

' In the formation of free-stone and- other vi- 
trescent matters, J pretend not to exclude the 
intervention of water. On the contrary, l am 
inclined to believe, that vitrifiable sand may ac- 
quire consistence, and unite into masses more or 
less bard, p^haps more easily by means of water 
than , by the action of fire. I have related 
the above facts solely with the view of prevent- 
ing olgections which wouldrnot f)^ to be nuiide^ 
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if it had been thought that 1 attributed the soli- 
dity of'free-stones, and other bodies composed 
of vitrifiaUe sand, to the intervention of water < 
alone. It is certain, that all the free- stone fpond 
on th.e surface, or at inconsiderable depths, has 
been formed by water; for, on the surface of 
these masses of free-stone, we perceive marks of 
unduIatioAs and rollings, and sometimes the im- 
pressions of plants and shells. But the free- 
stones formed by the sediments of water ate 
easily distinguished from those which have been 
produced by fire. The latter have a coarser 
grain, and crumble down more easily than free^ 
Ston'e cemented by the intervention of water, 
which is more coihpact, and harder than that 
whose particles have been united by the actioju 
of fire. 

Ferruginous matters assume a great degree of 
hardness by fire; for* nothing is harder than cast 
iron. But ferruginous bodies may likewise ac- 
quire considerable density by the intervention of 
water. Of this fact 1 was ascertained by putting ^ 
a quantity of filings of iron into vessels exposed 
to the rain. These filings formed a mass so 
hard, that it could only be broken by the hRm- 
raer. 

The vitreous rock which composes the inte- 
rior mass of the globe, is harder than common 
glass. ' But it is not harder then certain volcanic 
lavas, and much softer than cast iron, which, 
however, is only glaH mixed with ferruginous 
particles. This great hardness of the interior 
rock riaows thAt it consists, oif the most fixed par- 
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tides of matter, and that, from the time of their 
consolidation, they assumed the consistence and 
hardness which they still possess. Hence it caU'^ 
not be objected to my hypothesis of general vi- 
trificatioo, that bodies r^uced to glass by our 
furnaces are less hard than the rock of the globe j 
since cast iron, some lavas, or basalts, and even 
certain porcelains, are harder than <this rock, 
and yet they derive their hardness from the ac-* 
tion of fire alone. Besides, the elements of 
iron and other minerals, which give hardness to 
matters liquified by fire, or attenuated by water, 
existed, as well as the fixed earth, from the 
time that the globe was first consolidated : and 
I have already temarked, that the interior rock 
ought not to be regarded as pure glass, similar 
to that we make with sand and salts, but as a ‘ 
vitreous product mixed with matters the most 
fixed, and most capable of 'supporting the great 
and long continued action of the primitive fire, 
the great effects of which can only be compared 
in a very distant manner with the inconsiderable 
operations of our furnaces; and yet, from this 
comparison, though unfavourable, we clearly 
perceive what effects are common to the primi- 
tive fire and to our furnaces; and it shows, at 
the same time, that the degree of hardness 
depends less on the degree of beat than on 
the combination of matters submitted to its 
action. 

On the tops of some high mountains^ blocks 
of granite appear in great quantities. The po- 
sttiona of these blocks are so irregular, that titey 
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Sdetn to have been thrown together by AccSd«ftt } 
and we should be apt to imagine that they bad 
tumbled down from some dmgbbouring hei^t) 
if the places where they aite found were not 
higher than any neighbouring grouikL But 
their vitrifiable nature, and their angular and 
square figures, like those of foee-stone rocks) 
discover t|)ese substances to have an uncommon 
origin. Tbus> in large strata of vitrifiable sand» 
we find blocks of free-stone and granite, the 
figure and situation of which follow not exactly 
the horizontal position of strata. The rains 
have gradually brought down from the bills and 
mountains the sand with which these blocks were 
originally covered) by furrowing and cutting 
into those intervals that appear between the 
nuclei in free-stone) in the same manner as the 
bills of Fontainbleau are intersected. Every 
point of a hill resembles a nucleus in free-stone 
quarries, and all the intervals have been scooped 
out by the rains, and the sand they originally 
contained has been Carried down to the valleys. 
In the same manner, the angular blocks of gra- . 
nite on the, tops of high mountains were for- 
merly covered and surrounded with vitrifiable 
sand, which, being gradually carried off by the 
rains, left the blocks in the position in which 
they *happened to be formed. These blocks are 
generally pointed at the, top, 'and augment in 
thickness towards their baset j one block 
rests upon another, that upqn a third, and so on, 
leaving irregular intervals between them : and 
as, in the course of time, the. sand which coveted 
VOL. I, .U 
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the bk>cks> and filled the iutemds^ was washed 
down bj the rains, there would remain no» 
thing on the tofM of high mountains but pointed 
pilra of iit^;uiar blocks; and hence the origin 
of' peaks, or mountains ending in sharp points. 

For, let It be supposed, as may easily be 
proved by the marine bodies found in the Alps, that 
this chain of mountains was formei^y covered 
by the ocean, and that a thick bed of vitriiiable 
sand was deposited upon their tops, which re- 
duced the whole chain to a level country. I'his 
bed of sand would necessarily give rise to large 
blocks of granite, of free-stone, of flint, and of 
other bodies, the consistence and figure of which 
originate from sand, nearly in the same manner 
as salts crystallize, lliese blocks, after the sand 
which covered them, and filled their interstices, 
was carried down to the pUdns, by rains, torrents, 
&C.t would maintain their original stations, re- 
main bare on the tops of the mountains, and 
constitute all those peaks or pointed eminences 
iO frequently CEbihited by Nature. To the same 
origin must be ascrilied those high detached rocks 
which are found in China and other countries, 
as in Ireland, where they are distinguished by 
the name of Deoifs stones^ and the formation of 
which, as well as of peaked mountains, baS hi- 
therto appeared so difficult to explain. * The 
^q^ication, however, which I have given, issb 
natural, that it gcSierally occurs to every person, 
vHm examines these olyects; and', on thisocca- 
•Um* I will set down a passage from fitther Tertre. 
•• From Yanchnin-yen we anived at Hot- 
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cheou. tJpoii the road we retatairicecl a sin- 
gular phcenomeDOD, namely, >rock8 of a apr- 
prising height, resembling square towers, in tile 
midst of vast plains, t cannot account for Uiis 
appearance, unless I be allowed to suppose these 
rocks to have formerly constituted a part of 
mountains, and that the earth, sand, and other 
loose parts, had been gradutdiy washed away 
by the rains, and left rocks bare on all sides. 
What fortifies this conjecture is, that we saw 
some of them, the bases of which were still sur- 
rounded with earth to a considerable height 
The tops of the highest mountains, often for 
soft or 300 fathoms, consist of rocks of granite, 
free-stone, and other bard and vitrifiablo Sub- 
stances: below these, we frequently meet with 
quarries of marble, or hard calcinable stone, 
full of fossil shells} as may be seen at the 
great Chartreuse in Dauphiny, and upon Mount 
Cents, where the stones and marbles which 
contain shells are situated some hundreds of 
fstlioms below the points or peaks of high moun- 
tains, though these beds of stone and marble 

be more than 1,000 faihoms a\>ove the Uvid of 
the sea. Thus those mountains which have 
peaks or points generally consist of vitriftable 
rocks; and those the summits of which are 
flat, contain, fbr the most part, marbles, Ahd 
hard stones ftill of sea bodies. The samU re- 
mark holds with regard to hills': for ftioib edttt- 
posed of granite or free-stone ate generally ifr- 


* See LsitrasESiAHMei, ton. L p: 1S5. 
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tersected with points, eminences, cavities, anti 
small valleys. But those composed of calcinable 
stone are nearly of an equal height, and are only 
interrupted by larger and nu>re regular val- 
leys, with corresponding angles; and thi^ are 
crowned with rocks, uniform and level in their 
position. 

Though these two species of mountains seem 
to be very different, their figures have been pro- 
duced by the same cause, as has already been 
shown ; but, jt may be remarked, that the cal- 
cinable stones have suffered no change since the 
original formation of the horizontal strata. The 
vitrifiable sands, however, may have been 
changed and interrupted by the subsequent pro- 
duction of rocks and angular blocks which takes 
place in sand-beds. Both species have fissures. 
Those in calcinable rocks are almost always pei'- 
pendicuhur; but those oi granite and free-stone 
are somewhat more irregular in their direction. 
It is in these fissures that metals, minerals, cry- 
stals, sulphur, and all the substances of our se- 
cond class, are found. Below the fissures the 
waters assemble, penetrate the earth, and give 
rise to the veins of water which every where ap- 
pear under the surface. 

I have endeavoured to explain, how the peaks 
ofmoantMns have bera deprived of the vitrifiable 
aands, whjch originally invested them } and my 
explanidion errs in this circumstance only, that 1 
.nt^huted the first formation of the rocks, which 
form the nuclei of these peaks, to the intervention 
of water, instead of asoi^iiHng it to the action of 
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fire. These peaks or horns of mountains are no- 
thing but prolongations of the interior rock of 
the globe, which were environed with great qnan>! 
tities of scorite and dust of glass. These loose 
materials most have been carried down by the 
movement of the sea, when it made its retreat. 
Afterwards, the rains and torrents of water would 
soon deprive the masses of pore rock of all their 
coverings, and make them completely bare, 
as they are at present. I may remark, in gene- 
ral, that no other change falls to be made in my 
theory of the earth than the following fimt, 
that the first mountains derived their origin from 
the primitive fire, and not from the intervention 
of water, as I had conjectured } because I bad 
then been induced to believe, by the authority 
of Woodward and some other naturalists, that 
shells were found on the tops of all mountains; 
But,, from more recent observations, it appears 
that there are no shells on the highest summits, 
nor above two thousand fathoms above the level 
of the sea. Hence the waters have never sur- 
mounted those high summits, or at least have 
remained but a short time upon them j sp that 
they have formed only the> bills and the oalcari- 
ous mountains, which never rise to the height 
of twp thousand fothoms. - 
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article X. 


Of Rivers, 

I HAVE already remvkeda that, in general, 
the greatest monntaina occupy the middle of 
continents} that those of a smaller kind divide 
klandsj peninsulas, and promontories} that, in 
the Old Continent, the direction of the greatest 
chains o{ mountains is from west to east ; and 
that those which run to the north or south are 
only branches of the .principal chains. It will 
appear, on examination, that the grratest rivers 
have the same direction, and few .olF them fol> 
low the course of the branches of mountains. 
To be convinced of this fact, we have only to 
mn our eye over a common globe$ and, b^in- 
ning with Spain, we shall find that the Vigo, the 
Donro, the Tagus, and the Guadiana, run from 
east to west, md the Ebro frmn west to eastt 
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Mid that there is not a river of any oon^eration 
which runs from sooth to north, or from north tp 
south, aithough Spain be almost entirely en« 
vironed by the sea on the northern and southern 
parts. This remark concerning the rivers of 
Spain demonstrates, that the direction of the 
mountains is from west to east ; that the southern 
provincestnear the Straits are more elevated than 
the coast of Portugal ; that, in the northern 
pacts, the mountains of Galicia, the Astnrias, &c., 
are a continuation only of the Pyrennees and 
that this elevation of the country, both in the 
south and north, is the cause which prevents 
the rivers from running to the sea in these di- 
rections. 

In examining the map of France, it is appa- 
rent that the Rhone is the only river which runs 
from fiOTtb to sooth ; and, even near one Imlf of 
its course, from the mountains to Lyons, is from 
east to west : but the direction of all the great 
rivers, as the Loire, the Charente, the Garonne, 
and even the Seine, is from east to west. 

The same observation holds with regard to 
Germany. The Rhine, like the Rhone, has the. 
greatest part of its course from south to north : 
but the other large rivers, as the Danube, the 
Dn|ve, and all the rivei^ which fall idto them, 
run from west to east, and -empty themselves in 
the Black Sea; 

The Black Sea^ which should rather be re- 
garded as a larjte lake,'' is, from east tor west, 
neaidy three tinies aS kmg .as froib ‘socrtlh to 
nbrtb; andi consequistttlyvitt directilon iii '^milar 
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to that of the rivers. The same remark is appU* 
cable to the Mediterraoeao, which is neariy six 
times longer from east to west than from north to 
south. 

The Caspian, it must be acknowledged, ac* 
cording to the chart made by order of the Czar 
Peter I., extends more from north to south, than 
from east to west. But the ancient charts re> 
presented it as nearly round, or rather as exr 
tending more from east to west than in the 
opposite direction. If, however, the lake Aral 
be considered as a part of the Caspian, from 
which it is separated by a sandy plain only, the 
greatest extent of this sea will still be from west 
to east. 

The course of the Euphrates, of tlie Persio 
Gulf, and of almost all the rivers of China, is 
likewise from west to east. The rivers of the 
interior parts of Africa observe the same direc- 
tion, running either from west to east, or from 
east to west. The Nile, and the rivers of Bar- 
bary, are the only ones which run from south 
to north. There are, it is true, large riyers in 
Asia, as the Don, the Wolga, &c., which partly 
run from north to south; but they only ob- 
serve this direction in order to fall into the Black 
and Caspian Seas, which are lakes in the interior 
parts of the countiy. 

We may, therefore, lay it down as a fact, 
that, in general, the rivers and Mediterranean 
waters of Europe, Asia, and Africa, run or 
irtretcb more from east to west than from north 
tQjKpntb. This is a natural cosnsequenee of the 
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paraUel direction of the different cbainn of 
moootains. Beside^ the whole continent: of 
Europe and of Asia is broader from east to west 
than ftom north to sooth: for the direction of 
mountains may be conndered in two points of 
view. In a long and narrow continent, like that 
of South America, which contains only one 
principal vohaio of mountains, extendii^ from 
south to north, the rivers, not being restrained 
by jtny parallel chain, must run in channels per- 
pendicular to the range of these mountains, that 
is, either from east to west, or from west to 
east } and this, in fact, is the direction of all the 
great rivers in America. But though, both in 
the Old and New Continent, the great rivers 
run in the same direction, this effect is pro- 
duced by different causes. The rivers, in the 
Old Continent, run from east to west, because 
they are confined by many parallel chains of 
mountains which stretch from west to east; but 
those of America observe the same direction, be- 
cause there is only one chain of mountains 
stretching from south to north. 

The rivers generally occupy the middle of the 
valleys, or the lowest ground between two op- 
posite bills ; if the two bills have nearly an equd 
declivity, the rivor rum nearly in the middle be- 
tween them, whetlipr the intermediate valley be 
broad or narrovr. If, on the icontraiy, the de- 
clivity of one of the hUb.be ^ater than that of 
the other, the river will not ^cupy the mi^le of 
the vaU^, but will approach to*the stes^iest 
hill, in pfoportimt to the superiority of its de- 
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tdivity. In this case, the middle of the valley 
is not the lowest ground between the two hills, 
but lies much nearer the steepest of them ; and 
consequently the river mast occupy that space. 
This d[>servation holds universally, wherever the 
diflerence in declivity is remarkable i and the 
rivers never recede from the steepest hills, unless, 
in their coarse, they meet with other hills of 
equal declivity. In process of time, however, 
the declivity of the steepest hill is diminished by 
the rains, the melting of snow, &c. The steeper 
any hill is, it loses greater quantities of eartii, 
sand, and gravel, by the operation of rains, and 
these substances are carried down into the plain 
with a proportionably greater rapid .ty, and, of 
course, force the river to change its channel, or, 
in other words, to retire into a lower part of the 
valley. It may be added, that, as all rivers oc* 
oasionally swell, and overflow their banks, they 
carry off mud and sand, which they deposit in 
different parts of the vidley; and, as sand and 
gravel are often accumulated in the channels 
themselves, these circnoMfances make the waters 
overflow, and alter the direction of their coarse. 
Nothing, accordiogfy, is more eommon, than to 
Bnd in valleys many old channels in which (he 
river has formerly run, especially when it is rapid, 
subject to frequent inundaitioos, nnd carries down 
great quantities of sand and mod. 

In plains, and wtensive vnll^, watered by 
large nvers, the ebaimela of the rivers are com- 
iikmly the lovrest parts : but tbe suslhee of the 
water |n the river is sometimes higher than the 
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adjacent ground. When a river, for tn^Mioe, 
begins to overflow, it soon cdvm a cen^erable 
part of the plain ; but the banks remain fongest 
uncovered by the water. This oircumstatnoe 
plainly shows, that the banks of riverS' are 
higher than the neighbouring ground ; and tha^ 
from the banks to a certain part of the plain, 
there is a«)Small declivity or slope. When, thei^ 
fore, the water rises to the margin of the banks, 
it must be higher than the plain. This elevation 
of the groun<f on the banks of rivers is occa> 
sioued by mud and sand being deposited in the 
time of inundations. The water, during great 
swells, is alwajrs exceedingly font and muddy: 
when it begins to overflow, it runs slowly over the 
banks, and, by depositing the mod and sand, it 
gradually purifies as it advances into the plain : 
thus, all the mud, and other substances, which 
are not carried down by the current, are dqso- 
sited upon the banks, and gradually elevate tiiem 
above the rest of the plain. 

Rivers are always widest at their mouths, and 
turn gradually narrower towards their sources: 
but it is more worthy of remark, that, in the in- 
terior parts of a country, and at great dittandes 
from the sea, their course is straight, and the 
frequency of their windings incrdases propor- 
tionally as they approach to their termination. 
I have been infemed by M. Fabry, who per^ 
formed many journeys in the western parts of 
North America, that travellers, and even the 
Mivages, form pretty acdurate ' dothpotatiota of 
tiieiF ^rtafied’frotti the* sea, by obMt^g, the 
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courses of the rivers. If a river ran straight for 
fifteen or twenty leagues, they knew themsdves 
to be a great way firom the coast; but, if the si- 
nuosities were frequent, they concluded that the 
sea was not very distant. M. Fabiy, when tra- 
vdiing through unknown and uninhabited re- 
gions, derived much advants^e from this observa- 
tion. Near the sides of great rivers, the regorg- 
ing of the water is likewise less apparent the far- 
ther from the sea, which furnishes another me- 
dium of judging concerning the distance : and, 
as the sinuosities multiply, the nearer rivers ap- 
proach to their mouths, 'it is not surprising that 
some of them should yidd to the pressure of the 
water, and give rise to several branches or divi- 
sions, before they reach the sea. 

The motion of the water in rivers is very dif- 
ferent from the representation given of it Jby 
mathematicians. The surface, taken from bank 
to bank, is not level; but the middle of the 
stream is either higher or lower, according to 
circumstances, than the wator at the sides. When 
a river swdls suddenly by the meltioj^ of snow, 
or any other cause, its rapidity increases ; and, if 
its course be straight, the middle the stream, 
wbem the current is greatest, rises and forms a 
sensible convemty. Tliis deration is sometimes 
very considerable. . M. Hupeau, who measured 
this difference of levd between the sides and 
the streaip off the Avdrou, found it to be three 
feet. This . effect must always be produced 
when ifoe rapidity of the cumnt is great; fiw 
the qpuekness of the inotioo, by dhninidiing, or 
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pMily preventing the action of gravity, itilows 
not to the water, in the middle of the stream, 
time sufficient to bring it to a level with that on 
the sides, and, therefore, it remains higher. On 
the other band, near the mouths, though the 
current be very rapid, the_ water near the sides 
is commonly more elevated than that of the 
middle: t{)e river, in this situation, has a con- 
cave form, the lowest point of which is the 
middle of the stream. This effect is always pro- 
duced as far as the influence of the tides is per- 
ceptible, which, in large rivers, extends some* 
times to 100 or-^OO leagueafrom the sea. It is 
likewise a fact well known, that the streams of 
rivers- continue their motion a contiderable way 
throi^h the waters of the sea. In this case, the 
water of the river has two opposite motions. 
The middle, or current, precipitates itself to^ 
wards the seaj but the action of the tide pro^ 
duces a counter current, or regorging, whichf 
elevates the water on the sides, while that in the 
middle descends; and, as all the water must be 
carried down by the current, that on the sides 
constantly descends towards the middle of the 
stream, with a quickness proportioned to the ele- 
vation it receives from the regorging of the tide. 

There are two species of regorging, or dam?< 
ming up, in rivers: tiie first is that just now de- 
KEibed, and is occanoned the action of the 
tide, which not only <^poses the natural decent 
of the water, but even communicatee to it a 
contraiy motion or current : the other is pro- 
dn^ by inactive ctmses as a prq|ectioa of 
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Uie lands an bland, &c. Though thb kind of 
regorging gites not rise to any extraordinary 
counter current, it <dlen sensibly retards the pro* 
gress of small boats, and produces what is called 
dead t&ater, which observes not the natursd course 
of the river, but turns about in such a manner 
as greatly obstructs the progress of vessels. These 
dead waters are sensibly felt in passing through 
the arches of a bridge, especially if the river be 
' rapid. The celerity with which water runs, 
when the height or pressure is the same, increases 
in proportion as the diameter of the canal, 
through which it passes, is diminished. The ce> 
lerity of a river, therefore, in passing through a 
bridge, increases in the inverse proportion of the 
width of the whole arches to the total width of 
the river. This, increase of celerity, in passing 
through the arch of a bridge, is so considerable^ 
that it pushes the water from the stream towards 
the banks, from which it' is reflected, and some- 
time forms violent eddies or whirlpoob. In 
passiiig' under the bridge of St. Esprit, the mari- 
ners are obliged scrupulously to keep the stream^ 
even after leaving the bridge; for, if they al- 
lowed the boat to decline either to the right or 
left, it would be driven with violence against the 
lKualCs,'Or, at least, would be forced into the whirl- 
ing nr dead waters, from which they woidd 
find some difficulty of escaping^ When the 
eddy b ecnsiderable, it forms a small golf, with 
a cylindricfd void in the middle, round which 
the water turns with rapidity. This cylindrical 
cavity b ^ effect of the cehtriftigal fi>ree, which 
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maKes the water endeavour to fly off from tho 
centre of the whirlpool. 

When a great swell of the river is about to 
happen, the watermen perceive a particolar 
motion, whjch they call a nuivmg at the bottom i 
that is, when the water at the bottom moves with 
an unnsoal velocity, which, according to them, 
always indicates the approach of a sudden swell. 
The motion and weight of the superior waters, 
though not yet arrived, fail not to act upon the 
waters in the inferior parts of the river, and to 
communicate motion to them: for a river, in 
some respects, most be considered as a column 
of water contained in a tube, and its channel as a 
long canal, in which every motion must be com*' 
municated from one end of it to the other. Now, 
independent of the motion of the superior waters, 
thdr weight alone may increase the celerity of 
the river, and perhaps make it move quickest at 
the bottom; for it is well known, that, wheU 
several boats are at once pushed into a river, they 
increase the motion of the water below, and re* 
tard that of the superior water. 

The celerity of running waters is not in ex* 
act proportion to the declivity of their channels. 
A river with a uniform declivity, and double to 
tliatjof another, ought not, it would appear, to 
run with more than a double celerity: but Ita 
celerity is much more quick, being sometimes 
triple, sometimes quadruple,’ &c. The cele|i^ 
depends more upon the quantity of water, and 
the weight of the seperior waten, than npon/the 
degree of descent. In digfpng the bed ol a riaoi' 
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or dnuD, it is unnecessary to msdke the desctent 
uniform through its whde extent. A quick 
motion is more easily produced by making the 
declivity much greater at the source than at the 
mouth, where, like the beds of natural rivers, it 
is almost imperceptible, and yet they preserve 
their celerity, which is more or less, according 
to the quantity they contain } for in great rivers, 
even where the ground is level, the water still 
runs, not only with the velocity originally ac* 
quired, but with the accumulated velocity pro- 
duced by the action and weight of the superior 
waters *. To make this matter still more plain, 
let us suppose the Seine from Pont-neufto Pont- 
royal to be perfectly level, and to be ten feet 
deep; let os also suppose the bed of the river 
below Pont-royal and above Pont-neuf to be 
suddenly dried up; the waters, in this case, 
would run both up and down the channel, till 
their equilibrium was perfectly restored. This 
effect is produced solely by the weigl\t of the 
water, which never allows it to remain at rest 
till its particles are equally pressed on all sides, 
and its surface reduced to a perfect level. The 
weight of water, therefore, contributes greatly 
to increase the celerity of its motion. This is 
the reason why the greatest celerity in a current 

* By a«t attending to tbcM drciunstance^ M. Kbnn mta 
lad iUaely to atfrni, tlMt the loacceof the Danube was at least 
two Gemm miles higher than its mouth; that the Mediter- 
raneaB b German miles loww than, the aounes of thb 
4BKte; that the Atiamtie Oeean it Indf a mile lower than the 
Meditemmeato^ Sm. 
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of water is odther at the bottom nor at the wr» 
face, bat nearly in the middle, which is presse4 
bpdi by the column above, and by the reactim^ 
from the hettom. But, what is still mme, wheit 
a river acquires a great celerity, it wiU not only 
preserve it, though running through a levd coon* 
tay, but even surmount heights, without spread* 
ing much, to a side, or, at least, without pro- 
ducing an inundation of any moment. 

Qne would be apt to imagine, that bridges, 
and other obstacles erected in riv^ would create 
a considerable diminution of celerity in their 
Mdiole course. But the difference is veiy small. 
The water, upon meeting with any obstacle, rises, 
in order to surmount it ; and the increase of ce- 
lerity communicated by its tall, nearly compen- 
sates the retardation occasioned by the obstacle. 
Thus, sinuosities, projections from the land, and 
islands, ceeate but a small variation on the* total 
celerity of a river's course. The most c<msider> 
able altowtions are produced by the greater or 
lesser quantities water; when the quantity is 
small, a river runs dow, when gi^,,it raps wi^i 
rapidity. 

Jf riven waie sdways equally full, to enlarge 
their obaunelf would be tile best method of 
mio^tng thnr rapidity, and to cootain tb^ 
withw their banha. Bat, as almost idi 
rieeand frdl, it is omre aeeeasfMty, for thi* 
pmpam* <to mamm B»dr ly dq# 

wmen, vrith gaiiawll|ypf^ 4 qri 

wMKi^ (bede ia itbe miiddle^ apd, 

ttedfinciifaMiofitliftie ottiiciuftr 

Tt ^ 

VOIm 1. X 



OP ItiVERi. 


Beds, and, by striking with violence against tbcf 
banks, often do much injury to mills and other 
works. These bad effects might be prevented, 
by digging gulfs in the earth at convenient dis-< 
tances. To accomplish this purpose, a part of 
cme*^ of the banks should be cut through, 
and the earfti removed for a considerable space. 
These small gulfs should be made in the ol>* 
tuse angles of the river; for the water, in turn- 
ing, would run into them : and, of course, its 
celerity would be diminished. This ihethod 
might be useful in preventing the fall of bridges 
in places where sufficient .barriers cannot be 
erected to resist the weight of the water. 

Concerning the theory of running waters, I 
have to add a new observation, which I made 
since I established mills, by which the different 
celerities of water may be pretty accurately as- 
certained. These mills are composed of nine 
wheels, some of which are impelled by a fall of 
Water of two or three feet, and others by a fall of 
five or six feet' high : I was at first surprised to 
find, that all the wheels turned more quickly in 
the night than in the day, and that the difference 
was greater in proportion to the hei^t and 
bteadth of the column of water. l?or example, if 
the water falls six feet, the wheel will turn a 
tenth, and sometimes a ninth quiokeir in the 
nigkt tBait in the^day*; hnd, if tlie ftiH> b less 
.li%h, the difference oS celeri^ will likeWfiM' be 
but H n alw^'so sMsibteaatO'he etMily 
'reyo^ised.' I ahce^ined tbis''faet by itfaeing 
til^ite mallES upon the Whe^, and re^kokk^ fKe 
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toUmber of revolutions in equal times, both during 
the day and the night j and I uniformly founds 
by a great number of observations, that the time 
when the wheels moved with the greatest celerity 
was the coldest hour of the night, and that they 
moved slowest when the heat 'of the day was 
greatest, tn the same manner, I afterwards 
found, that the celerity of all the wheels is greater 
in winter than in summer. These facts, which 
have escaped the observation of philosophers, are 
of importance in practice. The theory of them 
is ^tremely simple: this augmentation of ce^ 
lerity deftends solely on the density of the water, 
which is increased by cold and diminished by 
heat : and, as the same volume of water only can. 
pass by the trough, this volume, which is denser 
in winter and during. the night, than in summer 
or in the day, acts with more force on the wheel, 
and, of course, communicates to it a greater 
quantity of motion. Thus, cateris paribus, there 
will be less loss of water, if we stop the machines 
during the heat of the day, and work them dur^ 
ing the night. By observing this method in my 
forges, its influence in the process of making irpn 
amounted to one twelfth part. 

Another observation merits attention: of two 
wheels, the one nearer the canal than the other, 
but perfectly equal in every other respect, and 
both moved by sn equal quantity of water, the 
whed ndurest the cantd moves quicker than, die 
one more remote, and tO' which the a^Mwr pan* 
not wrive rill dtor it has run over a certauitspa<iB 
in the parriculWmnn^r thab.terminftes in 

xa 
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wfeed. It is vrell koown, that the friction of 
irater on the sidea of a canal diminisbes its ce> 
lerity. But this circom^nce is not sufficient to 
account for the considerable di&rence in the 
ttictton of these two wheels. It is owing, in the 
place, to the water in this canal not being 
press^ laterally, as it is when it enters by the 
trough of the canal, and to its strikjng imme* 
diately the ladles of the wheel. Secondl^t This 
inequidity of motion, depending on the distance 
of the wheels from the canal, is likewise owing 
to the water, which passes through a trough, not 
being a c^ttin of equal dimensions with the 
trough ; for the water, in its passage, forms an 
irregular cone, which is depressed on tiie sides 
in proportion the breadth of the volume of 
water in the canal. If the ladles of the whed 
«re very near the trough, the wato* acts veiy 
near as high as the aperture of the trough : but, 
if the wheel is more distant from the cand, the 
water nnka in the nmno*, and strikes not the 
taffies of the wheel at the same height, nor with 
eqnffi odertty, aa in the first ease. Ihe union 
of Vhese two causes ppodnces that diminntkm of 
celerity in wheels which are distairt from the 
canal. 

filter BMttner dn which hHindations are pro> 
ffiided, hiarits particoiar attention. When a 
dtar matib oderity uniform^ increasies^ till 
it^^^ns la evurfldw ^e bmiks : ftom fitat ino> 
tttfttt'ita'ii^iffity w checked, which is the.reasoa 
Wl(y dnpHMteticna adways oontimie several daytt 
for, dfoagh ‘dm ^naitfity walgr ’daniM be 
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dkainished after Uie oooiinencemeQt qf ffie ia- 
uadatioB, it would, nolwithttanding, continue 
to overflow | because this eircunstetance depends 
more on thie celerity than on the quantity of 
water. If it were otherwise, rivers would often 
overflow their banks for an hour wr two, and 
then retire to their Channels, which never-hap- 
pens. Aq. inundation, on the contraiy, always 
la^ some days, although the rains have ceased, 
and. less water runs in the river; because the 
overflowing of waters diminishes their celerity} 
and, consequently, although the same quantity 
df- water arrives not in the same time as for* 
merly, the effect is the same as if a larger quan* 
tity had been brought down. It may lUcewise 
be here remarked, that, if- a high wind hbws 
contrary to. the current of the river, the inim* 
datioB will be increased by this occasional cau s e, 
which diminishes the celerity of the water; but, 
if the wind blows in the direction od the cuv> 
rent, the inundation will be leas, and retire more 
quickly. 

** The inundation of tlm Nile,**' says M. 6raq* 
ger,* ** has loi^ been a subjcot of discussion 
among the learned, hfost of -them, have coosi* 
deced it as a singular and wondcrfiil phwao> 
menpt^ though ootiiiqg be more natural or 
mote common; for it takes place in evmy 
.country, aa well as i» Egypt. The iniindatie4 
of the.Nile is oceamon^ by 'the rains whfobfiiN 
in Ethiopia and Abyssinia ; but the north wind 
maybe regarded se the nrincipsil qaqse e^.it: 
I. Because the no^b wind drives the cfouds 
which contain this rain into Abvssinia? e. 
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cause it prevents the water from running out 
of the mouths^ of the river in any great quan- 
tity, by damming up the stream. ^ The great 
eflfect of this wind may be remarked every 
season , for, when it changes from norths the 
Kile loses more water in one day than in four*.'* 
Inundations are generally greatest in the su- 
perior parts of rivers : because, as formerly ob- 
served, the velocity of a river uniformly in- 
creases till it empties itself in the ocean Fa- 
ther Castelli, a sensible writer on this subject, re- 
marks that the banks, raised for the purpose of 
keeping the Po from overflowing, gradually di- 
minish in height, as the river approaches to the 
sea; that, at Ferrara, which is 60 or 70 miles 
from the mouth 'of the river, the banks are 
about SO feet above the ordinary level of the 
wat^} but that, at >10 or 12 miles from the 
sea, though the channel be equally narrow as 
at Ferrara, they are not above ISfeetf. 

^ In fine, the theory of running praters is sub- 
ject to many ditiSculties, It is not easy to give 
general rules which will. apply to every particu- 
lar case. For this purpose, experience is \>ie- 
foc^le to ^teculation : it is not enough that we 
know the common effects of rivers in general j 
but. If we would reason justly, and give stahility 
to our l|iboun» we ought to study the peculiari- 
ties of partieolar rivors ia which we have an 
interest. Though ’the inmarks I have made be 

^ Vojrage d« Onu^fsti. FSrb, 1749. 

Ihtedfs d^atoari «hs tcstHtiw del mto dslINHHjiw, 

if p. 12e. 
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generally new* a greater collection is necessary. 
Perhaps w,e shall in time acquire a distinct 
knowledge of this subject, and be enabled to 
give certain Vules for directing and confining 
rivers in such a manner as will prevent the de- 
struction of bridges, banks, and other damages 
occasioned by the impetuosity of the waters. 

Tjie greatest rivers of Europe are, the Wolga, 
the cour^ of which, from Reschow to As- 
tracan on the Caspian Sea, is about 650 leagues ; 
the Danube, which runs about 450 leagues, 
from the mountains of Switzerland to the Black 
Sea; the Don, the course of which, from, t(ie 
source of the Sosna, which receives it, to tHe 
Black Sea, is 400 leagues ; the Nieper, which 
likewise falls into the Black &a, after running 
350 leagues ; the Duine, which empties itself in 
the White Sea, runs a course of about 300 
leagues, He. 

The greatest rivers of Asia are, the Hoanho, 
in China, which rises at Raja.ribron, and after 
running 850 leagues falls into the middle of the 
gulf of Chimgi, in the Chinese Sea ; the Jenisca, 
which runs from Lake Selinga to the 'northern 
sea of Tartary, a course of about 800 leagues ; 
the Oky, the course of which, firqip Lake Kila 
to the North Sea beyond Waigat’s Straits, is 
about 600 leagues j the river Amour, in East 
Tartary, has a course pf 575, leagues, ftoni the 
bead of the rivier Kerloi^ •which f|^ into it„ tq 
die sea of Kantsoha|ka } the riv^ Idenancon 
may befqeaauredfrpin the source of'the Xiongmn, 
which fidis into it, to its mouth at Pouto-cou/- 
dor} the Kian, the course of which is about 
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360 league ftom the nuroe of the Kiaxa, 
which it recmves to its termhuttion in the sea 
of Chiike; tte Gaines, which has a coutse 
neatly of the saAie eatent with the Kian ; the 
£a0irate^compatiiig from the sooree of the Irma, 
whidi it recdves, nios about 500 leagues; 
the Indni^ which runs about 400 leagues, and 
fins into the Arabian Sea on tiie eSs^ of Gnza- 
rat; and the Siideroias, which runs about 400 
leagues, and falls into Lake And. 

The greatest rivers of Afinca are, the S^- 
gal, the course of which, comprehending the 
Niger, which is a continuation of it, and the 
source of the Gonibarou, which fills into the 
Niger, is about 1,135 leagues ; the NHe, which 
rises in Upper Ethiopia, runs about 970 leagues. 
There are others, the courses of which are but 
parUaity known, as the Zaira, the Coanaa, the 
Couama, and the Qailmanci, each of which we 
ara acquainted with to the extent of 400 leagues. 

Lastly, in America, the river of the Ama* 
sums runs more than 1,800 leagues, if we reckon 
iirom the lake near Gnanuco, 90 leagues from 
Lima, where the Maragnon rises ; or even com- 
puting from the source of the river Napo, ifear 
Quito, rite course of the AmaUons is more than 
i,000 leagues*. 

The oonise riie river St. Lawrence' in Ct^ 
nada is more than 900 leagma, comparing from 
its tooiith to Lake Ontario, fiom that to Lake 
Rnron, lAke Snpdknv Li^ AJenufngo, Lake 
^Shvfiriuaux, ^ ihO hfiewf the AMolbotls, the 

'*'Sn tvyigade C Sa ^sBi l a s^ p. 15. 
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WMen ef bII which Ml into 6at aaotlNtr,^ Jiu 
last into the river St. Lawirenoe. 

Hie river Misrinppi runs more rimii 90Ct 
leagues, Irom its mouth to any of its soaroeib 
which are not Mr from the lake of the Aeri^ 
boils. 

The river Flite extends mote than 800 leagues^ 
from its i^onth to frie source the Parana, 
which it receives. 

The river Orbndm nms more than 878 
lei^[ues, reckonii^; from the source of the river 
Caketa, near Pasto^ which partly Mb info the 
Oronoko, and partly mas towards the river of 
the Amazons*. 

The Madera, winch Mis into the Amaaeni^ 
extends more than 660 leagnes. 

In order to compute tiie Entity of water 
dischaiged into the sea by all the rivers, we «haH 
suppose, which is nearly the tratii, tintt one half 
of the earth’s surfrce is sea, and the other half 
dry land : we shall likewise suppose the mean 
ri^rii of the sea to be about 690 Mhoms. The 
total snrfrce of the earth is 170^981,016 square 
mUes, and friat of the sea is 85,490,806 >^s 9 »re 
miles, which being mult^ilied by one Iburtb, 
the deprii c( tbe sea, gives 61,379g686 mrinc 
miles, for the quantity of water eomained in 
the whole eeenn. New, te compute the quaw. 
tiiy disohniged Into' the eepan by the rivers, 
1«8 as Mm n rivers the *vel6ci^ end ^pianti^ 
of whese wateis am imowti } the Po, lor «eii« 


* Sssli.OsMlSadM’fMM. 
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«n>inei» which piwies (hixHlgh Lomhaiidy, aiui 
waters a country of 380 miles in length* Ac- 
cording to Ricciolit the breadth the Po» be- 
fore it divides into branches, is 100 perches of 
Boulogne, or 1,000 feet; and its depth is 10 
feet ; and it runs at the rate of 4 miles in an 
hour: consequently the Po discharges into the 
sea.dOOjOOO cubical perches of water in an hour, 
or 4,800,000 in a day. But a cubic mile con- 
tains 125,000,000 cubic pefcbes; of course, it 
will require 26 days to discharge into the era a 
cubic mile of water. It only remaitrs to deter- 
mine the proportion that the Po bears to all the 
rivers of the earth taken together, which cannot 
be done exactly. But, to iqq>rioach nearly to the 
truth, let us suppose that the quantity of water 
which the .sea receives frptq the great rivers in 
every country, is proportioned to the extent of 
the surfaces of. these oouritries; and, conse- 
quently, that the country watered by the Po, 
and by the rivers which fall into it, is to the 
total surface the dry land as the Po is to all 
the rivers of the earth. . Now, by the most exact 
charts, it appears that the Po, from its origin to 
its mouth, traverses a country of 380 miles in 
length; and the rivers which faU into it on each 
side arise from sonrces which are ahojut 60 miles 
distant from the Po. Ihus the Pq, arid the 
rivers it receives, water ercountryggOjmileB long, 
and 120 broad; Vbioh makes 45,^600 square 
miles. Blit the surface -of the dry land is 
85,490,506 square' miiles; consequently, the 
quantity of water can^^.to.tha aea by all the 
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rivers will be 1,874 tunes greater than the qoMi* 
tity discharged by the Po. Bot, as 55 rivers^ 
equal to the Po, famish a cubic mile of water 
each day, it folloyrs, that, in the Space of a ycm» 
1,874 rivers equal to the Po, ‘will carry to the 
sea 56,308 cubic miles of water; and that in 
8 IS years, all these rivers would discharge 
SI,37S,6S5 cubic miles, which is a quantity 
equal to what is contained in the ocean; of 
coiirse, if the ocean were empty, 8 IS years 
would be necessary to fill it by the rivers*. 

It is a result of this calculation, that the quan* 
tity of water raised from the sea by evaporatkm, 
and transported upon land by the winds, is from SO 
to SI inches in the year, or about two thirds qf a 
French line 'each day. This evaporation, though 
tripled to make allowance for what falls back 
into the sea from the clouds, is very inconflddeF> 
able. Mr. Hall^f has clearly demonstrated, 
that the vapours transported from the sea, and 
dischaiged upon the land, are sufficient to maiii* 
tain all the men and lakes in the world, 

Afier the Nile, the Jordan is the largest river 
in the Levant, or even in Barbaiy. It discharges 
each day into the Dead Sea about 6,000,000 of 
tons. All this water, and mere, • is carried off 
by evaporation; fbr, according to Halley's cal- 
culation of 6,914 tons eviqiorated froin each fOr 
perficiql mile, the Dead Sea, which is 7S miles 
long, and 18 broad, must lose eveiy day, by 

* See Keil'e EsesiifletioB ef ibuinet'e Theory, p. 12S. 

f . See PhiL Tmiu. wua. 193. 
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««!i^ration» near 9*000,000 of toas) that m, net 
only bH the water it receives Hmn the Jordan, 
bat from the smaller rivm vdiioh come fiom die 
RKMmtams of Moab, and elsewhere. Of course, 
this sea has no occasion to communicate with 
any ether by snbterraneous passages *. 

The most rapid of all rivers are, &e Tigrk^ 
the Indus, the Danube, the Yrds in Liberia, the 
Malmistra in Cilicia, &ct. But, as was for* 
merly remarked, the velocity of rivers depends 
both on the declivity and the weight of water. 
In examining the globe, we find that the Da* 
nnbe has less declivity than the Po, the Rhine, 
or the Rhone; for tte course of the Danube b 
toiler, and it firtls into the Black Sea, which is 
InighmrBian the Mediterranean, and perhaps than 
4be ocean. 

■Great rivers, in their course, are constantly re» 
caving small ones into their channels. The Da* 
iiid>e, for example, receives more than SOO brooks 
and rivulets. But if we reckon only rivers of 
some consklersbion, we will find, that the Da- 
nube receives SO or SI, the Woi|^ SB or SS, the 
Don S or 6, the Ni^>er 19 or 90, the Duine 1 1 
or 19. The Hoanbo, in Asia, receivea S4 or SS 
rifvefB, the Jenisca more than 60, the Oby an 
equal number, the Amour about 40, the jlCiaA, 
m river Naiditn, SO, the Ganges moM than 90, 
the EuidirateS 10 or 11, fee. In Afirica, Uie 
Senegal receives move than 90 riverss the Nile 
receives none lower than SOO leagues firmn its 


« See Shs«*aTr«TeIa 
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ittouth» ibe last which ftUs into il beii^ hi#* 
raba} and from tins (dace to ito aoiifoarji le* 
ceivea abont IS or 13. In America* the Amik 
«MM receive more than €0 oonalierabl^rieefa^ 
St. Lawrence about 40* reckoning thoae wfati^ 
(all into the lakes, the Missisippi more than 40^ 
the Plata above 30* &c. 

Upon ^ surface of the earth* there are eief 
vated countries which seem to be points of par^- 
titiqn maiked out by nature for the distribatioa 
of the waters. In &Mope* one of these pmots 
is Mont Sawit-Gothafd, and its environa An* 
ether point is the country situated between the 
provinces of Brioaera and Wologda in Muscovy* 
from which many rivers descend* some into the 
White Sra* some into the INacic* and others iota 
the Caspian. In Asia there are wvml points of 
partition* as the coantty of Hie MogA TattaA^ 
some of whose rivers ran into the sea of Nova 
Zonbla* otheia into the galf of Linchtdtdiui^ 
others into the sea of Corea* and others into Aak 
of China and the Lesser Thibet* the rivers «f 
which ran into the Chinese Sea* into the gnlf ^af 
Bengal* thegidfof Gambaia* wndtiie LaltoAnA 
The province of Quito* in Asaeffica, dise ba i ^ai 
its rivers into the South and NevHiBi^ aniima 
the|(|rifof Mexico. 

In the Old CiontiMnt* tbero niw nbont 4lt 
livers wirfohHhenHy All eHher bite tie townai^ 
or iato ’rim Me # tww mMmtiri fli ii fc 
in rim New :Coiitkmiri* we know of oMiy 135 
rivers which Adi sn i m i di a triiy into the sea. In 
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this number I have reckoned none which are not 
as large as the river Somme in Picardy. 

All these rivers transport from the cbuntries 
through which they pass, into the sea, great 
quantities of mineral and saline particles. The 
particles of salt, which dissolve in water, are 
easily carried down to the sea. Several philoso^ 
phers, and particularly Halley, have alleged, 
that the saltness of the sea proceeds alone from 
the particles of salt transported by the rivers: 
others maintain, that this saltness was coeval with 
the sea itself, and that the salt was created to 
prevent the waters from corrupting. But the 
agitation of the sea by the winds and the tides is, 
I imagine, a cause equally powerful as the salt 
in preserving it against putrifaction •, for, when 
barrelled up, it corrupts in a few days. And 
Boyle informs us of a navigator who was over> 
taken with a calm which lasted 13 days, and 
who assured him, that the water became so pu- 
trid, that, if the calm had continued much longer, 
the whole crew would have perished*. Sea 
water is also impregnated with a bituminous oil, 
which renders it both unwholesome and disagree- 
able to the taste. The quantity of salt in sea 
water is about a fortieth part, and it is nearly of 
an equal saltness at the surface and at the bottom, 
under the Line and at the Cape of Good Hope; 
though there are some particular places, as off 
the Mosambique ebast, where it more salt than 


* Ste Boyle, t<^. iii. p. 222. 
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in others*. It is likewise said to be less salt 
within the arctic circle : but this phsenomenon 
may proceed from the immense quantities of 
snow, and the large rivers which fall into these 
seas, and from the proportional defect of evapo* 
ration. 

However this matter stands, I believe, that 
the saltnesa of the ocean is not only occasioned 
by the many banks of salt at the bottom of the 
sea,, and along the coasts, but likewise by the 
salts continually brought down by the rivers j 
that Halley was right in his conjecture that 
there' was originally little or no salt in the sea, 
but that its saltness gradually augmented in pro- 
portion as salt was supplied by the rivers ; that 
the degree of saltness is perpetually increasing; 
and, consequently, that, by computing the total 
quantity of salt carried down by the rivers, we 
might ^ enabled to discover the real age of the 
world. Mr. Boyle affirms, on the authority of 
divers and pearl-fishers, that the water is colder 
in proportion to its depth; and that, at great 
depths, the cold becomes so excessive as to oblige 
them to come up much' sooner than usual. But 
the weight of the water may be as much the 
cause of their uneasiness as the intenseness of the 
Cold,, especially when they descend 300 or 400 
fathoms. Divers, however, seldom go deeper 
than 100 feet. The same author relates, that, 
in a voyage to the East Indies, when tl^y ar- 
rived at the 35th degree of south latitude, they 

« See Qoyle, vol. iii. p. 217. 
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to the depth of 400 fathoms, and wliea 
tiM which weighed idKMit SO pooads, was 
drami iqp, it M beomna as «old as ioe. Ik is 
iikawisa a coaimaB praetice al aaa ta iialc the 
hettles eevsnil fhthoBM, in osder to cod diehr 
edne; and it is said, that Uie deeper the hotdes 
aie sank, the cooter the wine becomes^ 

These facts wodd lead ns to impgine, 
the sea water was salter at the bottom Uian at 
the snrfaoe. But the/ ace opposed by fiicts.cd’ a 
ooatraiy nature: experimedts bare been made 
with Temds which opened miiy atacertaia depth, 
and the water was not fira^ to be salterkban 
that at the sarhK:e; there are even mounples 
of the water at the bottom bmng fresher than ait 
the surface: this phseaomenoD is exhibited in 
all those places where springs arise from the 
bottom of the sea, as near Goa, at Qrmus, and 
in the sea of Naples, in which there are many 
Warm springs. 

In other places, salphureous springs and beds 
of hitmnen have been discovered id the bottom 
of the sea; and, upon land, there are numerous 
aprings of bitumen which run into the sea. At 
B aifca d odB, there is a fountain of bitumen which 
snns from the rocks into the sea. Bitumen and 
aait, then, are the principal ingredients in sea 
water. But it is blended with many other sob- 
skwcesi for its taste differs considerably in dif- 
duront parts of the* ocean: besides, agitation and 
the hfcat of the san change the natural taste of 
9 ^ water; and the different coloure of different 
seas, and even of the same sea at different times. 
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|)iK>ye it io be muted with tliaiiy hbtefdlieittcMtt 
bodies^ which are ifetached erlhet fhttithHwtIMiH 
or tarried dd#n by the riven. 

Oil thin Md^ect there irfb t#d etdidiHie, iHli 
both of them art |»aftiy tree. Haney attriithtei 
the saltneas of the seal solely to the Saltt c^tHb 
earth carried down by the rivert^ and even sttj^* 
{Kjses that jthe antiquity of the world inay be dis^ 
covered by the degree of salthess in the waters 
of the ocean. Leibnitz, on the contrary, be^ 
lieves, that the globe haring been liquified by 
fire, the salts and other erhpyreuinatic sub* 
stances produced with the aqueous vapours a salt 
lixivium, and, consequently, that the sea re* 
ceived its sattness from the beginning. The opi- 
nions of these two great philosophers^ though 
opposite, should be united, and may' even coincide 
with my own. It is extremely probable, that, at 
the beginning, the action of fire, combined with 
that of Whter, dissolved all the saline substance^ 
on the surface of the earth ; and, of course, that 
the first degree of saltness, in the sea proceeded 
from the cause assigned by Leibnitz ; but this 
prevents not the second cause, assigned by Halley, 
from having conriderable influence upon the 
actual degree of saltness in tbb sea, which mist 
always augment, because the riveiiS incessiuitly 
iany down gUeat quantities of fixed sUltS, vVhfctt 
cannot be attracted by evaporation. They 
maht, therefore, itaiited With the general iuitHi df 
waters, which are, ingenerid, ntore salt itV 
portion to their d^ce .fioni the .hfodth# Af 
riveib, and wheie the heat a<f 
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duces the greatest evaporation. That the second 
cause acts more powerfully than perhaps the first, 
is proved by this circumstance, that all lakes 
from which rivers issue are not salt, but almost 
all those which receive rivers and discharge none, 
are impregnated with salt. The Caspian Sea, 
Hake Aral, the Dead Sea, &c., owe their salt- 
ness solely to the salts transported thither by the 
rivers, and which cannot be carried off by eva- 
poration. 

Most countries that are furnished with large 
rivei’s are subject to periodical inundations; and 
those rivers which have long courses overflow 
with the greatest regularity. Every body has 
beard of the inundations of the Nile, the waters 
of which, though spread ^ l^rge track of 
country, and at a great distance from the sea, 
preserve their sweetness and transparency. Strabo 
and other ancient authors tell us, that the Nile 
had seven mouths; but now only two whiclrare 
navigable remain: a third canal, indeed, sup- 
plies the cisterns of Alexandria ; and there is a 
fourth, which is still less considerable. As the 
cleaning oftbese canals has long been neglected, 
they are mostly in ruins. In these works the 
ancients employed annually a vast number of 

workmen and soldiers, who carried off the mud 

« 

wd sand which- this river brings down ia great 
qumUties. The overflowing of the Nile is occa- 
by the rains which fall in Ethiopia: they 
bi^in in April, and end not till September. 
Ppring the-first three months, the days are serene 
apd beautiful but. the sun no sooner setS;, than 



khb fainis begiti) Continue incessantiy till siin-Hs> 
ing; and am commonly accompanied with thon-> 
der and lightning. The inundation in Egypt 
begins about the 17th of June; it generally takes 
40 days in swelling, and as many in subsiding. 
The whole flat countiy of Egypt is overflowed : 
but the inundation is not now so great as in an- 
cient times ^ for Herodotus affirms, that the Nile 
swelled 100 days, and required an equal time to 
subside. If this fact be true, the difference can 
be ascribed to no other causes but the gradual 
elevation of the land by the mud brought down 
and deposited, and the diminution in the height 
of the mountains from which this river derives its 
source. It is natural to think that the height of 
the mountains is diminished; for the heavy rains 
that fall in these regions during one half o#the 
year, bring down great quantities of sand and 
earth from the tops of the mountains into the 
valleys, from which they are transported by 
torrents into the channel of the Nile, and 
are partly deposited on the, land by the inun>> 
dations. 

The Nile is not the only river that baa regu- 
lar and annual overflowings: the Pegil,- which 
is equally regular in its inundations, has, firom 
this circumstance, got the name of the Indian 
Nik. Tt overflows the country for 30 leagues 
beyond its banks, and, like the Nile, leaves-gTeid! 
quantities of mud and idhoe^ which enrich the 
ground so much, thatlt.pieduces excellent pas- 
ture for cattle, and aaiidites the inhabitants to 

Y 8 



Uiqg, the upper pert of ^ ^oega}* owrtflpwe 
end eovers llte vMc fiat countigref N^titu 
Itsinunidatipiw, Uke tiiose of the Nlie* begin about 
the midfile qf June* and increase for fort/ da/fc 
The Plata, in Brazil, overflows 8iinaa%, and at 
the sune time with the Nile. The Ganges, the 
Indus, the Euphrates, and some ot^r rtvers, 
produce annual inundations. But all riven are 
not subject to periodic inundations : these pro* 
ceed from a . combination of causes, which, at 
the same time, augment the ({uantit/ of water, 
and diminish its velocity. 

We formerly remarked, that the declivity of 
rivers gradually diminishes till they arrive at the 
sea. But, in some places, the declivity is more 
sudden, and forms what is called a cataract, 
which is nothing more than an unusually rapid 
fall ol the water. In the Rhine, for example, 
there are two cataracts, one at Bilefeld, and the 
ofiier near Schafbouse. The Nile has several 
cataracts : two of the meet remarkable fall from 
a great height between two mountains. In the 
Wtdogda, iu Muscovy, there are also two, near 
Eadnga. The Zaire, a river in Congo, com* 
^lences with a large cataract, which falls from 
Ihg tpp of a mountain. But the most celebrated 
catwtset is. thet of the river Niagara Jn Ca* 
iieda.: it fells, in n prodigious torrent, l^feet 
of pespmMfrQular h^gbt, end is a fourth part of 

. « Set brt Vo]»gts4'Ovisgtm, tom. iL p, 290. 
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nm to tlie dhnid% is atea at itie c^nd^ bf IMl 
leagues, and, when the sun shines above it,, ex^ 
hibits beautiful rainbow. BeloW tlns*c»tsti^, 
the whirlpools and commotions of the waters aiw 
So tremendous, as to render navigation imprao 
Itcable for six miles : smd immediately above thte 
cataract, tlie river is much narrower than higher 
up*. 

1 have since been informed f , that there is a 
cataract jn- Europe, which falls from a height of 
300 feet. It is that of Temiy a small village on 
the road from Rome to Bologna. It is formed 
by the river Vdiiio, which derives its source from 
rile mountains td* Abbruzzo, After passing by 
JHettCt a village on the frontier of the kingdom of 
Naples, it falls into the Lac de Luco, which 
seems to be supplied by abundant sources \ for 
the river runs out of it with more fbrc^than it 
enters, and procee^-to the foot of the mountain 
del Mamwret from which it is precipitated by a 
fall of 300 feet. It is received by a kind of 
abyss, fiom which it escapes with great tumid* 
tnousness. The celerity of its ftdl breaks the! 
water with such force against the rocks and thd 
bottom of the abyss, that a humid vapour arises, 
in wjhrch many rainbows of Various sizes are 
ibrmed by the rays of the sun ; and, wlien the 
southrwind hbws, and drives this mist against 


* See Phil. Trans. Abridg. yol. vi. part ik p. IIS. 
f Kotc cotiiniuiiicated to Mi do Bufibn by M.-Fresooyo. 
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Ihe mountain, instead of several smaH rainbowsi 
the whole cascade is crowned with a very large 
one. 

Charldvoix* describes the fall of the Niagara 
in the following manner: 

** My first *care, after my arrival, was to visit 
the noblest cascade, perhaps, in the world i but 
J presently found the Baron de la Hontan had 
committed such a mistake with respect to its 
height and figure, as to create a suspicion that 
he had never seen it. If, however, you mea^ 
sure its height by that of the three mountains 
you are obliged to climb to get at it, it does not 
fall much short of what the map of M. Deslisle 
makes it, that is, 600 feet. He has probably 
adopted this paradox, either on the faith of the 
Baron de la Hontan, or of Father Hennepin, 
But, after I arrived at the summit of the third 
mountain* I observed, that in the space of three 
leagues, 'which I had to walk before 1 came to 
this piece of water, though you are sometimes 
obliged to ascend, you must yet descend still 
more; a circumstance to which travellers seem 
not to have sufficiently attended. As it is' im* 
possible to approach it but on one side, and con-, 
sequently to see it, except in profile, it is no easy 
matter to measure its height with instruo^ents, 
It has, however, been attempted by means of a 
pole tied to a long line, and, after many trials, it 
has been found to be only 115, or ISQ feet high, 


* Toiq. lii, p. S$S, 
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But it is impossible to be sure that the pole liRs 
not been stopt by some projecting rock; forj 
though it was always drawn up wet, as well as 
the end of the line to which it was tied, this 
circumstance proves nothing, as the water which 
precipitates itself from the mountain, rises very 
high in foam. For my own part, after having 
^amined it on all sides, where it could be viewed 
to the greatest advantage, I am inclined to think 
that we cannot allow it to be less than a hundred 
and forty or fifty feet high. 

** As to its figure, it resembles that of a horses 
shoe, and is about 400 paces in circumference. 
It is divided into two, exactly in the middle, by 
a very narrow island, half a quarter of a league 
long. It is true, these two parts very soon u^ite; 
that on my side, and which 1 could have a side 
view of only, has several branches which pro* 
ject from the body of the cascade, but that which 
I viewed in front, appeared to me quite entire. 
The Baron de la Hontan mentions a torrent, 
coming from the west, which, if this author has 
not invented it, must certainly fait through some 
channel during the melting of the snows only.” 

'Three leagues from Albany, in the province 
of New there is a cataract of 50 feet per- 
pendicular height, the vapour of which likewise 
gives rise to a rainbow *. 

In every country where the number of men i& 
too inconsiderable for fi«rmmg and supporting 
polished societies, the surface of the earth is. 


* See PbiU Trans.' Abrklg. toI vi. part ii. p. 11(^. 



Of flf IBf. 

Qiore nqeqval nigg«d« clifiiDflf of 

i;iTers are more estende^* irrof ukur* a^d 
interrupted ky oaUruota The ^hoi^e and the 
{/>ire would require the operetioq of several 
agest before they became navigable It is hy 
cophuiug ^ directing the wate|$» and charing 
the bottoms of rivem* thet they acquire a fixed 
and determinate course. In thinly inhabited 
e^ions^ nature is always rude* and sometimes de-i 
formed. 

Some rivers lose themselves in the sands* and 
others seem to precipitate into the bowels of the 
earth. The Guadalquiver iu Spain* the river of 
Gottenburg in Sweden, and even the ^h'me, diso 
appear under ground. It is aformed, that* in 
the west part of the island of St. Domingo, there 
is a pretty high mountain, at the foot of which 
are sever^ large caverns that receive the rivers 
and brooks j and the noise of tlieir fell is heard 
at the distance of seven or eight leagues *. The 
number of rivers, however, which disappear in 
the earth, is very small ; and they seem pot to 
descend very deep. It is more prohaUe, that, 
like the Rhine, they lose themselves by dividing 
and dispersing through a large surface of sand, 
which is vei^ common with those srnall rivers 
that run through dry audt sandy ground, of 
which there are many examples in Africa, Persii^ 
Arabia, Ac. 

The riversi of the north, carry down to the 
sea prodigious quantities of ice, which, by accu- 


* $«t Varen. Geogr. p, 45 
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which is froaea during the greatest piMt v( the 
year» ^ ohmiI vevaai^Mdde few these masses ef loe^ 
tJtot am c<Hwrta«it\y bioMght into* the straika hgr 
the river Oby . . They attach themselves, att akstg 
the coasts, and rise to great heigbta The mid* 
die of the strait freezes HmS;, and the ioev of 
coarse, does not rise so high, as on each sidev 
Mflien the north wind ceasess and it l)h>wa in the 
direction of the straits, the ice begins to and 

to breajc in the middle i tlwn large aaassea arc 
detached and transported into the open sea. 
The wind, which blows dnrii^ tlie whede win** 
ter from the norths over the &oaen eoiinti^ of 
Nova Zembla^ renders the regions watered by 
the Qby, and all Siber^ so cold, that, at Tehet- 
ski, in the fifty-sevenlh degree, there are no firuit 
trees, though at l^ockholm,. in Sweden, and even 
m higher latitudes, they hane fruit trees aud lo. 
gumitious plants, Thm difference proceeds not, 
as has been imagined, ftom the sea of Lapli^d 
being ooldec than that of the straits, nor fiom 
the country of Nova Zembla being colder than 
that of Lapland,, but from this circumstance 
alone, tbttt the BaUic and the sea of Bothnia 
softm thC^iiigouir of the- north wind.} whereas, i» 
Sibwia,. toere is nothing to, check its actmSy. 
This soludock is.a result of. experience. The cold 
is never so intense near the sea-coasts as in the 
interior parts of a country. , There are plante 
which, endure the open ajir all winter at X*oodon, 
whieh cannot be preserved: at Paris.:. andSibrn 
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risi which is a vast continent, is, for this reason^ 
colder than Sweden, which is almost surrounded 
by the sea. 

Spitzbergen is the coldest country in the 
world : it runs as fiur as the seventy-eighth de- 
gree of north latitude, and is composed of small, 
pointed mountains. These mountains consist of 
gravel, and of flat stones, like gray slate, heaped 
upon one another. According to the accounts 
of voyagers, these hilb are raised by the winds, 
and new ones appear every season. In this coun- 
try no quadrupeds live but the rein deer, which 
feeds upon moils *. Beyond these hills, and above 
a league from the sea, the mast of a ship was 
lately found with a pully fixed to one end of it} 
from which circumstances, it has been con- 
cluded, thht this is a new country, and that 
it was formerly covered with the sea : it is un- 
inhabited and uninhabitable } for the hills have 
no consistence, but are loose and moveable; and 
a vapour proceeds from the earth, so cold and 
penetrating, as to preclude the possibility of re- 
maining any time upon this dreary and inhos- 
pitable land. . 

The whale-fishing vessels arrive at Spitzberv 
gen in July, and depart from it about the middle 
of August. The ice permits them ndf%> rurive 
sooner, or to remain longer. In these seas there 
are prodigious'islands of ice, clemr and shining as 


* Thft arctic fox, ai^ a small animal larjpr than a weaaeU 
with short ears, long tail, and spott^ witli black and white, 
likewiae inhabit Spitsbergen. W. 
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glass, and from ' sixty to eighty fathoms thick } 
and, in some places, the sea appears to be frozen 
to the bottom *. 

The seas of North America are likewise much 
infested with ice, as in Ascension Bay, in Hud* 
son’s, Cumberland’s, Davis’s, and Frobisher’s 
Straits, (cc. We are assured by Robert Lade, 
that the mountains of Friesland are entirely co« 
vered with snowj and that the ice surrounds the 
coasts, and, like a bulwark, prevents all approach 
to them. ** It is remarkable,” says he, that in 
this sea, we meet with islands of ice, more than 
half 'a league in circumference, exceedingly 
high, and descend from seventy to eighty fa> 
thorns deep. This ice, which is sweet, is per* 
haps originally formed in the rivers or straits of tbo 
adjacent lands, &c. These islands or monn* 
tains of ice are moveable, and, in storms, they 
follow the tract of a ship, as if they were 
drawn after her by a rope. Some of them 
rise so high above the water, that they surmount 
the tops of the tallest masts f ,” &c. 

In the voyages collected for the use of the 
Dutch Fast India Company, we have the fol« 
lowing account of the ice off Neva Zembla: 
*' Cape Troost, the weather was so foggy as 
to oblige ns to moor our vessel to a bank of 
ice, which was tiprty-six fathoms below, and six* 
teen above the surfiiee of the water. On the 10th 
of August, the ipe began fo separate, and to 

* Se« Recoeil des Voyages da Nord, tom* !, p. 15i. 

t f>ee Lada’s YoyMmi 
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iloat; we then remained, that the mass to 
trhich our vessel liad been moored, touched 
the bottom; for, though the others were all 
in motion, and struck against it, and against 
each other, it remaiiied immoveable. We 
were now afraid of being frozen in, or dashed 
to pieces ; we, therefore, endeavoured to escape 
from this latitude, though the vessel, in her 
course, was obliged to push through the ice, 
which made a great noise round us for a consi* 
derable distance: we at last anchored along 
another island of ice, where we remained that 
night. 

“ During the first watch, the ice began to 
split, with an inconceivable noise. The ship’s 
bead kept so strongly to the current in which 
the ice floated, that we were obliged to 
veer the cable in order to gel her off. We 
counted above 400 blocks of ice, which sank 
t&n fathoms below the water, and appeared to 
rise about two fathoms above it. 

AVe then' moored the vesselto another block 
of ice, which was immersed' below the surface 
about six fathoms. At a tittle distance fhun 
this station we perceived a large bank, which 
was pointed like a cone, and readied* to the 
bottom of the sea : we approached if, , and 
found it to be twenty' fathoms below, and about 
twelve above the surfoee of the water. ' 

On the 1 Ith, we sailed up to another bank, 
which was eighteen fathoms below the surface, 
and ten -fathoms above it. 

The Dutch, on the 21sf, advan<^ a gr^t 
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Way between the boards of ice, and anchored 
during the night. Next morning they retired, 
and^moored to a bank which was eighteen fathoms 
below, and ten above the water. They climbed 
to the top, and remarked, as a singular phae- 
nomenon, th.at it was covered with earth, and 
that they found there about forty eggs. Its co* 
lour was a fine azure blue, and totally differ' 
ent from t'hat of the other masses. This cir- 
cumstance gave rise, to various speculations ^ 
some imagining it to be an effect of the ice, 
and others thought the whole was a mass of 
frozen earth 

Wafer met with many floating pieces of ice, 
off Terra del Fuego, which were so large that 
he at first imagined them to be islands: some 
of them, he remarks, appeared to be a league.or 
two in length, and the largest of them seemed to 
rise 400 or 500 feet above the surface of the 
water. 

All these masses of ice, as I have remarked in 
the 6th article, are transported from the rivers 
into the sea. Those in the sea of Nova Zembla 
and in the Straits of Waigat, come from the 
Oby, and, perhaps, from the Jenisca, .and 
other great rivers in Siberia and Tartary; 
those of the Hudson’s Straits, froln Ascen- 
sion 'Bay, into which many rivers in North Ame- 
rica empty themselves; and those of Terra 
del Fuego, from the southern continent. If 

* See Trouieme Voyage des Hollandois par le Notd, tom. i. 
p. M. 
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fewer of them appear in the nortbetn eoiisfe <Sf 
Lapland than in those of Siberia and Waigat’s 
Straits, it is because all the Lapland rivers fall 
into the golf of Bothnia, and none of thent into 
the North Sea. They may likewise be formed 
in straits, where the tides rise higher than in the 
open sea; and, consequently, where the islands 
of ice which float on the surface may accumulate 
and produce masses or banks of several fathoms 
high. But, with regard to those which rise to 
the height of four or five hundred feet, it ap- 
pears that they can no where be produced but 
near very elevated coasts; and I imagine, that 
when the snows which cover these coasts melt, 
the water runs down upon the masses of ice, 
and, by freezing anew, gradually augments their 
size, till they arrive at this amazing height ; 
that, in a warm summer, the action of the winds, 
the agitation of the sea, and perhaps their own 
weight, may detach them from the coasts, and 
set them adrift; and that they may even be 
transported into temperate climates before they 
are entirely dissolved. 
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OF THE 

THEORY OF THE EARTH. 


ARTICLE XL 
Of Seas and Lakes. 

m 

The dry land is every where surrounded 
by the ocean ; it penetrates sometimes by large 
openings, and sometimes by small straits, into 
the interior parts of different countries, and 
forms mediterranean seas, some of which are 
affected by the motion of the tides, and others 
not. We shall, in this article, trace the ocean 
through all its windings; and, at the same time, 
give an enumeration of the mediterranean seas, 
which jre shall endeavour to distinguish from 
what are called bays or gulls, and lakes. 

The sea that washes the western coasts of 
France, forms a giilf between Spain and {Brit- 
tany. This gulf is, hy navigators, called the Bay 
of Biscay : it is very open, and advances far- 
thest into the land between Bayonne and St. Se- 
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bastian. It likewise advances considerably at 
Rochelle and Rochefort. This bay begins at 
Cape Ortegal, and terminates at Brest, where a- 
strait commences between the south point of 
Brittany and the Lizard Point. This strait, 
which is at first pretty wide, forms a small bay on 
the coast of Normandy, the most advanced point 
of which is at Auranchc. It continues pretty 
large till it arrives at the channel of Calais, 
where it is very narrow ; it then suddenly en- 
larges, and terminates between the Texel and 
the coast of Norwich : at the Texel, it ^rms 
a small shallow mediterranean, called Zu^^e, . 
and several large gaps or advances, the wd|K of 
which are not of a considerable depth. 

After this, the ocean forms a large baif/called 
tho German •S'ea, which commences at the north- 
most point of Scotland, and runs along the east 
coast of Britain the length of Norwich ; and 
from thence to the Texel, along the coasts of 
Holland and Germany, of J utland and Norway, 
as far as Bergen. This bay may even be con- 
sidered as a mediterranean ; for the .Orkney 
islands nearly shut up its mouth, and seem, by 
their direction, to be a continuation of the moun- 
tains of Norway. It forms a large strait, which, 
commences at the south point of Norway, and 
continues pretty broad- to the island of Zetland, 
where it suddenly contracts, and forms, between 
the coasts of Sweden and the islands of Denmark 
and Jutland, four small straits; after which, it 
widens to a small bay, the most advanced point 
of which is at Lubec ; from thence, to the south 
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ektremily of Siveden, it continues pretty broad ; 
then it enlarges more and more, and forms the 
Baltic, which is a mediterranean sea^ extending, 
from south to north, near 300 leagues, if the 
gulf of Bothnia, which is a continuation of it, 
be comprehended. In the Baltic are two bays, 
tliat of Livonia, the most advanced point of 
which is near Mittau and Riga, and that of FiU'* 
land, whicH is a branch of the Baltic, extending 
between Livonia and Finland to Petersburgh, 
and communicating with Lake Ladoga, and even 
with Lake Onega, which joins the White Sea by 
means of the river Onega. The whole body 
of water which forms the Baltic, the gulfs of 
Bothnia, of Finland, and of Livonia, ought to 
be regarded as an immense lake, supported by a 
great number of rivers, as the Oder, the Vistula, 
the Niemeu, the Droine in Germany and Po- 
land; by other rivers in Livonia and Finland; 
by others still more considerable which come 
from Laidand, as the Tornea, the Calls, the 
Lula, the Pithea, the Uma; and by several from 
Sweden. I'hcse rivers, which, in genera], are 
large, amount to more than forty, including those 
which fail into them, and cannot fail to convey 
a quantity of W'ater sufficient to supply the Baltic. 
Besides, there are no tides in the Baltic, and its 
water hhs very little saltness : and if the situa- 
tion of the land, and the nnmber of lakes and 
n^arshes in Finland and Sweden, which are con- 
tiguous to the Baltic, be taken into consideration, 
we shall be inclined to regard it not as a sea, but 
as a great lake formed by. the waters which it 
VOL. L 
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receives from the adjacent couatries, aud which 
have forced for themselves a passage near Den> 
mark into the ocean, into which, according to 
the relation of voyagers, it still continues to run. 

From the commencement of the bay, which 
goes by the name of the German Sea, and which 
terminates beyond Bergen, the ocean follows 
the coasts of Norway, Swedish Lapland, North 
Lapland, aud Muscovite Lapland, at the eastern 
part of which it forms a large strait, and gives 
rise to the mediterranean called the White Sea, 
which may also be considered as a great lake; 
for it receives twelve or thirteen large rivers, 
which are more than sufficient to supply it with 
water; and its water contains but little salt. 
Besides,, it very nearly, in several places, com> 
municates with the Baltic ; and it has an evi- 
dent communication with the gulf of Finland ; 
for, in ascending the river Onega, we arrive at 
a lake of the same name, which is joined by two 
rivers to Lake Ladoga ; and this last communi- 
cates by a large branch with the gulf of Finland ; 
and there are, in Swedish Lapland, several places 
from which the waters run- almost indifferently 
cither into the White Sea or into the gulfs of 
Bothnia and of Finland. This whole country 
is full of lakes and marshes, and, therefore, it 
seems probable, that the Baltic and White Seas 
were the receptacles its waters, and that, in 
time, they discharged themselves into the German 
and Frozen Seas. 

On leaving the White Sea, and coasting the 
island of Candenos, aud the north of Russia, the 
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ocean advances a small arm into the land at the 
mouth of the river Petzora. This arm, whkdi 
is about forty leagues in length, by eight or ten 
in breadth, may rather be regarded as a collec- 
tion of water formed by the river, than as a gulf 
of the sea; for it also contains very little salt. In 
this place the land runs out in a promontory 
terminated by the small islands of Maurice and 
of Orange ; and between this promontory and 
the. neighbouring land to the south of Waigat’s 
Strait, there is a bay of about thirty leagues long, 
which belongs to the ocean, and is not formed 
by rivers. This is succeeded by "Waigat’s Strait, 
which lies nearly under the seventieth degree of 
north latitude ; it is not above eight or ten leagues 
in length, and it communicates with the sea 
which washes the north coasts of Siberia. ’As 
this strait is blocked -up with ice during the 
greatest part of the year, it is very difficult to 
penetrate into the sea beyond it. This passage 
has been tried in vain by many navigators ; and 
those who succeeded have not given us exact 
charts of the sea, which they call the Pacific 
Sea. By the most recent charts, and by the 
best globes, it appears, that this sea may be only 
a mediterranean, having no connexion with the 
great sea of Tartary; for it seems to be shut up 
and bounded to the south by the country of the 
Samoides, which is now well known, and which 
mctends from the Straits of Waigat to the meutb 
of the river Jenisca: to the east, it is bounded 
by JeUlmrland;^ to the west by NoFa Zembia; 
and, though we know not the extent of thfe 
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sea to the north and nortli-cnst, as the land seems 
not to be interrupted, it is probable that the Pa> 
cilic Sea is only a mediterranean; and that it is 
hounded by land, and has no eomniunication on 
that side with the ocean. What establishes this 
fact is, that, in departing from the Straits of 
Waigat, the whole west and north coasts of 
Nova Zembla, the length of Cape D^ire, have 
been traversed ; that, from this Cape, the coasts 
of Nova Zembla hare been traced to a small ))ay 
about the seventy- fifth degree, where some Dutch- 
men passed a dreadful winter in 1396; and that, 
beyond this gulf, the laud of Jelmorland was 
discovered in 1664, which is separated from Nova 
Zembla only by a few leagues of land ; so that 
the only land unknown is a smalt spot near this 
little bay just now described; and this .spot ex- 
ceeds not, perhaps, thirty leagues in length. If, 
therefore, the Pacific Sea joins with the eastern 
ocean, it must be by means of this small bay, 
which is the only way by which this mediter- 
ranean can have any communication with the 
Eastern Ocean. And, even on the supposition 
that such a communication existed, as this bay 
lies in the seventy-fifth degree of latitude, it 
would be necessary, to gain this open sea, to 
keep five degrees farther'north. It is apparent, 
therefore, that, in attempting a north passage to 
China, it is better to sail beyond Nova Zembla 
to the seventy-seventh or seventy-eighth degree, 
where th^ sea is more open an^ clearer of ice, 
than to'persist in passing the frozen %traits of 
Waigat, when it is even uncertain whether the 
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sea beyoiul them has any communicatipn with 
the Eastern Ocean. 

The coast has been traced from Nova Zembla 
and Jelmorland to the mouth of the Chotanga, 
which is about the seventy-third degree; beyond 
which an unknown coast extends about 200 
leagues. We only know, from, the Russians 
who travelDed by land into these climates, that 
the country is not interrupted; and, in their 
charts, the rivers are delineated, and they called 
the inhabitants Populi Palati. This interval of 
unknown coast extends from the mouth of the 
Chotanga to that of Kauvoina, -in the sixty* 
sixth degree of latitude. The bay of Linchi- 
dolin, in which the Russians fish whales, ad- 
vances farthest into the land at the mouth of 
the Len,- which is a considerable river. This 
bay is very open, and pertains to the sea of Tar- 
tary. 

From the mouth of the Len, the northern 
coast of Tartary runs about 500 leagues east- 
ward to a peninsula inhabited by a people called 
Schelates. It is the most northern point of Tar- 
tary, and lies under the seventy-second degree 
of latitude. In this extent of 500 leagues, the 
ocean forms neither bays nor arms ; only from 
the peninsula of the Schelates, to the mouth of 
Korvinea, there is a considerable elbow or pro- 
jection. This point is the eastern extremity of 
the north coast of the Old Continent, and 
Cape North in Lapland is the western extremity. 
Thus, we have of northern coast from Cape 
North in Lapland, to the extremity of the conn- 
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try of the Schelates, an extent of 1 ,700 leagues, 
including the sinuosities of bays ; and it measures 
about 1,100 leagues in a straight line. 

Let us next take a survey of the eastern coasts 
of the Ancient Continent. We shall begin at the 
extreme point of the country of the Schelates, 
and descend towards the equator. The ocean 
first makes a turn between the country of the 
Schelates and that of the Tschutschi, which last 
projects considerably into the sea. To the south 
of this country, there is a small open bay, called 
tile bay of Suctoikret. This bay is succeeded by 
anbther, which advances, like an arm, about 
forty or fifty leagues into the land of Kamt> 
schatka: after which the ocean flows in, by a 
narrow strait, full of small islands, between the 
semthem point of Kamtschatka and the nortliern 
point of the land of Jesso, and forms a large me- 
diterranean, which we shall now describe in do> 
tail. It consists of the sea of Kamtschatka, in 
which there is a considerable island, called the 
island of Amour. An arm of this sea runs north- 
east. But both this arm and the sea of Kamt- 
schatka may, at least in part, be formed by the 
rivers which flow into it from the lands of Kamt- 
schatka, and those of Tartaiy. However this 
matter stands, the sea of Kamtschatka commu- 
nicates, by a very long strait, with the sea of 
Corea, which is another part of this mediter- 
ranean } and the whole together, extending more 
than 600 leagues in length, is bounded on the 
west and north, by the lands of Corea and Tar- 
tary; and, on the east and south, by those of 
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Kamtscliatka, Jesso, and Jajnkn, without having 
any other communication with the ocean than 
by the strait between Kamtschatka and Jesso; 
tor it is uncertain whether the communication 
between Japan and the land of Jesso, though 
laid down in some charts, has a real existence ; 
and, even su[rposing it did exist, the sea of 
Kamtschayka and that of Corea would still be 
regarded as forming together a great mediterra* 
nean, separated on all sides from the ocean, 
and not as a bay ; for it communicates not with 
the ocean by its southern strait, but with the 
Chinese Sea, which is rdther a mediterranean 
than a bay. 

The Soutl) Sea is much broader than the At- 
lantic, and appears to be bounded by two chains 
of mountains, which correspond as far as the 
equator. The first chain is composed of the 
mountains of California, of New Mexico, of 
the isthmus of Panama, of the Cordeliere, 
of Peru, of Chili, &c. The other chain stretches 
throngh Kamtschatka, Yesso, and Japan, and 
extends as far as the Ladrone islands, and even the 
New Philippines. The direction of these chains 
of mountains, which appear to be the ancient 
limits of the Pacific Ocean, is precisely from 
north to south ; so that the Old Continent was 
bounded on the east by one of these chains of 
mountains, and the New Continent by the other. 
Their separation happened at the period when 
the waters, proceeding from the south pole, 
began to run between these two chains of moun- 
tains, which seem to unite, or at least to make 
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a very near approach to each otlier towards the 
northern regions. This is not the only indi- 
cation of the ancient union of the two continents 
on the north. This continuity of the two con* 
tinents between Kamtschatka and the most 
western lands of America, seems now to be 
proved by the new discoveries of navigators, who 
have found, under the same parallel of latitude, 
a great number of islands lying so near each 
other, as to leave only small intervals of sea Jie- 
tween the east of Asia and the west of America 
under the polar circle. 

In the preceding article, it was remarked, that 
the sea had a 'constant motion from east to westj 
and that, consequently, the great Pacific Ocean 
is making continual efforts against the eastern 
coasts. An accurate examination of the globe 
will confirm the conclusions we have drawn from 
this observation ; for it appears, that from Kamt- 
schatka to New Britain, discovered by Dampier 
in 1700, and which lies in the fourth or fifth 
degree of south latitude, the ocean has en- 
croached on these coasts to the extent of 400 
leagues; and, of course, that the eastern bounds 
of the Old Continent stretch not so far its they 
did formerly; for, it is remarkable, that New 
Britain and Kamtschatka, which are the most 
advanced lands to the east, lie under the same 
meridian. Besides, all countries extend farthest 
from north to south. Kamtschatka makes a 
point of about I6i0 leagues from north to south, 
and this point, the eastern coast of which is 
wabsed by the Pacific Ocean, and the other by 
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tfie mediterranean above described, is divided 
from north to south by a' chain of mountains. 
The lands of Japan and of Jesso form another 
territory between the ocean and the sea of Co- 
rea, extending from -north to south more than 
400 leagues; and the direction of the chains of 
mountains in Jesso and Japan must be from 
north to south; because, in this direction, they 
extend 400 leagues; but, from west to east, 
they exceed not fifty or sixty. Thus Kamt- 
schatka, Jesso, and the eastern part of Japan, 
ought to be considered as contiguous lands, lying 
in a direction from north to south: and, follow- 
ing the same direction, we find, after the point 
of Cape Ava in Japan, the island of Barnevelt, 
and three other islands, situated in a line from 
north to south, and extending about 100 leagues. 
We next meet with three islands called Calla- 
DOS, and, after these, the Ladrone islands, to the 
number of fourteen or fifteen, all stretched in a 
line from north to south, the whole occupying a 
space of 300 leagues in length ; and the broadest 
part of these islands, from east to west, exceeds 
not eight leagues. From these facts I am led 
to . conclude, that Kamtschalka, Jesso, the east 
part of Japan, the islands of Barnevelt, the Cal* 
lano;«, and tho Ladrones, are a continuation of 
the same chain of mountains, and the remains 
of an ancient country, which has been gradually 
corroded and covered with the sea. All these 
countries appear to be nothing hut mountains, 
of which the islands are the peaks or points, the 
low lands being, occupied by the ocean. Hence, 
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what is related in the Lettres Ed{fiantes must be 
true; and, in fact, a number of islands, called 
the New Philippines, have been discovered in tlie 
very situation in which P. Gobien supposed 
them to lie: and it cannot be doubted, that the 
most easterly of these New Philippines are a 
continuation of the chain of mountains which 
compose the Ladrones ; for these eastern islands, 
to the number of eleven, lie in a line from north 
to the south, extending in length more than 200 
leagues; and, in breadth, the largest of them 
exceeds not eight leagues. 

But these conjectures may seem too bold, on 
account of the great distances between the islands 
in the neighbourhood of Cape Ava, of Japan, 
and of the Callanos, between these ^islands and 
the Ladrones, and between the Ladrones and the 
New Philippines, the first interval being about 
160 leagues, the second fifty or sixty, and the 
third near ISO. But it ought to be considered, 
that chains of mountains often extend much far- 
ther below the waters of the ocean; and that 
these intervals are nothing when compared to 
the extent of land, from south to north, in these 
islands or mountains, which, beginning at the 
interior part of Kamtschatka, is more than 1,100 
leagues. But, though this idea concerning the 
quantity of land gained by the ocean on the 
eastern parts of the Old Continent, and the con- 
tinuation of the mountains, should be rejected, 
still it must be acknowledged, that Kamtschatka, 
Jesso, Japan, the islands of Rois, Formosa, Vaif, 
Basha, Babuyane, Lucca, Mindano, Gilolo, !x,c.. 
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and, lastly, Near Guinea, which extends to New 
Britain, and is situated under the same meridian 
as Kamtschatka, form a stretch of country of 
more than 2,200 leagues; with small interrup> 
tions, the greatest of which exceeds not, per- 
haps, twenty leagues; so that the ocean has 
scooped out an immense bay from the interior 
parts of the eastern continent, which begins at 
Kamtschatka, and terminates at New Britain. 
This bay is interspersed with numerous islands, 
and has all the appearances of being gained from 
the land. It is, therefore, probable, that the 
ocean, by its constant motion from east to west, 
has gradually gained this great tract of country 
from the continent, and has formed several me- 
diterraneans, as those of Kamtschatka, of Corea, 
of China, and perhaps the whole Indian Aschi- 
pelago, for the land and water are so blended 
together in this region, that it evidently appears 
to have been a large country destroyed by inun- 
dations, of which only the eminences and moun- 
tainous parts are now to be seen, the lower 
grounds being entirely concealed under the waters 
of the ocean. This hypothesis is farther con- 
firmed by the shallowness of the sea, and the 
figures of the innumerable islands, which seem 
to be nothing but the tops of mountains. 

If we take a more particular survey of these 
seas, we shall find, that the northern part of the 
Chinese Sea forms itself into a great bay, which 
begins at the island of Fungpna, and terminates 
at' the frontiers of the province of Pekin, about 
fifty leagues from this capital of ^ Chinese em- 
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pire. The most advanced and narrowest part of 
this bay is called the gulf of Changi. It is pro- 
bable that this gulf, and part of the sea of China, 
are encroachments of the ocean, and that the 
islands above described are the most elevated 
parts of the ancient country. Farther south are 
the bays of Tonquin and of Siam, in the neigh- 
bourhood of which is the peninsula of Malacca, 
consisting of a long chain of mountains, that run 
from north to south; and the Andaman islands, 
which form another chain of mountains, in the 
same direction, seem to be only a continuation of 
those of Sumatra. 

The ocean afterwards forms the great bay of 
Bengal; where it may be remarked, that the 
land of the peninsula of Indus makes a concave 
curve, towards the east, nearly resembling the 
great bay of the eastern continent, which seems 
to have been produced by the same cause, 
namely, the motion of the sea from east to west. 
In this peninsula are the mountains of Gates, 
which extend from north to south, and the island 
of Ceylon appears to have been separated from 
this part of the continent. 

Tlie Maldiva islands are only another chain of 
mountains stretching from north to south. Then 
follows the Arabian Gulf, which sends oif (our 
branches or arms; the two largest are on the 
west coasts, and the two smallest on the east. 
The first arm on the east coast is the bay of 
Cambaia, which extends not above fifty or sixty 
leagues ; but it receives two considerable rivers, 
the Tapta aud the Baroche or Mehi. The se- 
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uond arni or bay on the same coast is remark- 
able for the rapidity and height of its tides, which 
alternately advance and retreat more than fifty 
leagues. Into this bay fall several rivers, as the 
Indus, the Padar, &c., which have brought down 
sand and mud in such quantities as to elevate 
the bottom of the bay, and reduce it nearly to a 
perfect level. It is owing to this circumstance 
that the tides extend to so great a distance. The 
first, arm on the west coast is the Persic Gulf, 
which advances into the land above S50 leagues; 
and the second is the Red Sea, which, reckon- 
ing from the island of Socotora, extends above 
680 leagues. From the Straits of Ormuz and 
of Babelmandel, these two arms should be con- 
sidered as mediterranean seas: they are both, 
indeed, subjected to a fiux and reflux ; but this 
circumstance is occasioned by their vicinity to 
the equator, where the tides rise higher than in 
other climates. Besides, they are both very long 
and very narrow. The motion of the tides is 
more rapid in the Red Sea than in the Persic 
Gulf ; because the former is nearly three times 
as long, and equally narrow, as the latter; nei- 
ther does it receive any river capable of resisting 
the tide: but the Persic Gulf receives three large 
riven; at its must advanced extremity. It is ap- 
parent, that the Red Sea has been formed by an 
irruption of the ocean ; for the situation and si- 
milarity in the direction of tlie coasts on each 
side of the Straits of Babelmandel show, that this 
passage has been cut by the waters. 

At the extremity of tiie Red Sea lies that fa- 
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mous strip of land called the isthmus of Suez, 
which is a barrier to the junction of the Red 
Sea with the Mediterranean. In the preceding 
article, I gave the reasons which render it pro- 
bable that the Red Sea is higher than the Medi- 
terranean, and that, if the isthmus were cut, 
an inundation and increase of the latter would 
be the consequence. It may here be added, 
that, though the superior elevation of the Red 
Sea should not be allowed, yet it is incontestlble, 
that there are no tides in the Mediterranean near 
the mouths of the Nile. It is equally certain, 
that the tides in the Red Sea rise several feet; 
and this circumstance alone, on the supposition 
of the removal of the isthmus, would occasion 
a great influx of water from the Red Sea into 
the Mediterranean. Besides, Varenius, in his 
Geography *, remarks, ** Oceanus Germanicus, 
qui est Atlantici pars, inter Frisiam et Hollan- 
dium se effundens, efficit sinum, qui etsi parvus 
sit respectu celebrium sinuum maris, tamen et 
ipse dicitur mare, ailuitque Hollandim empo- 
rium celeberrimum, Amstelodamum. Non pro- 
cul inde abest lacus Harlemensis, qui etiam 
mare Harlemense dicitur. Hujus altitude non 
est minor altitudine sinus illius Belgici, quern 
diximus, et mittit ramum ad urbem Leidam, 
ubi in varias fossas divaricatur. Quoniam ita- 
que nec lacus hie, neque sinus ille Hollandici 
maris inundant adjacentes agros (de naturali con- 
stitotione loquor, non ubi tempestatibus urgen- 
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tur, propter quas aggeres facti sunt); patet 
inde, quod non sint altiores quam agri HoIIan> 
dice. At vero Oceanum Germanicum esse al- 
tiorem quam terras hasce, expert! sunt Lei- 
denses, cum suscepissent fossam seu alveum ex 
urbe sua ad Oceani Germanici littora, prope 
Cattorum vicum perducere (distantia est duo- 
rum milliarium) ut, recepto per alveum hunc 
mari, possent navigationem instituere in Ocea- 
nurp Germanicum, et hinc in varias terrae re- 
giones. Verum enimvero, cum magnam jam 
alvei partem perfecissent, desistere coacti sunt, 
quoniam turn demum per observationcm cog- 
nitum est, Oceani Germaninici aquam esse alti- 
orem quam agrum inter Leidam et littus Oce- 
ani istius : unde locus ille, ubi fodere desierunt, 
dicitur Het malic Gat. Oceanus itaque Ger- 
manicus est aliquantum altior quam sinus ille 
Hollandicus,” &c. 

As the German Ocean, therefore, is higher 
than the sea of Holland, nothing prevents us from 
believing that the Red Sea may be higher than 
the Mediterranean. Herodotus and Diodorus 
Siculus mention a canal of communication be- 
tween the Nile, the Mediterranean, and the Red 
Sea : and M. de I’lsle, in 1704, published a map, 
where he has laid down the termination of a 
canal in the east branch of the Nile, which he 
im^ned to be a part of the canal which fornierly 
joined that river to the Red Sea*. We meet 
with the same opinion in a book entitled Comioi- 
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sanciT de VAiicien Monde; where the author, 
copying Diodorus Siculus, informs us, that this 
canal was begun by Neco king of Egypt ; that 
Darius king of Persia continued the work ; that 
it was finished by Ptolemy II., who conducted it 
to the city of Arsinoa ; and that it could be shut 
and opened at pleasure. I pretend not to deny 
these facts; but, I confess, they appear to be 
doubtful. 1 suspect, that the violence and licight 
of the tides in the Red Sea, would necessarily 
communicate their influence to the waters of tlje 
canal : at least, it would require great precaii* 
tion to prevent inundations, and to keep the 
canal in proper repair. Though wc are tohl by 
historians that this canal was begun and finished, 
thev are silent as to its duration : and tlie remains 
of it, which are pretended still to exist, are per- 
haps the only parts of it that ever were exe- 
cuted. This branch of the ocean has been de- 
nominated the Red Sea^ because, wherever there 
are madrepores or corals at the bottom, the 
water of it hsis the appearance of being rod. The 
following description of it is given in the Ilisioirc 
Generate iks Voyages * : “ before leaving the Red 
Sea, D. Jean inquired into the causes which in- 
duced the ancients to give it this appellation : 
he recollected, that Pliny had delivered scyeral 
opinions concerning the origin of this name. 
.Some derived it from a king of that country, 
called Erythros, which, in the Greek language, 
signifies Red : others imagined that the red co- 
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tbur ^as Occasioned by the reflection of the snn 
from the suHace of the water} and others af^ 
finned that the water itself was redi The Por- 
tuguese} who had made several voyages in that 
sea> alleged} that the whole coast of Arabia was 
remarkably red ; and that the dust and sand car*^ 
ried into the sea by the winds tinged the water 
with the same colour. 

** Dom^Jean, who examined the nature of the 
Water and of the coasts, through their whole ex- 
tent, with the most scrupulous attention} assures 
us, that the waters of this sea have no peculiarity 
in their colour j and that the dust and sand, not 
being red themselves, could not possibly com- 
municate this colour to the water. The land on 
each side, he observes, is generally brown; in 
some places, it is black, and, in others, white i 
at Suaquem, the coasts of which the Portuguese 
never visited, there are three mountains striped 
with red ; but they consist of hard rocks, and the 
neighbouring ground is of the usual colour. 

** The truth is, that this sea is all of the same 
uniform colour, of which any man may satisfy^ 
himself by drawing water from different parts. 
But, it must be acknowledged, that, in some 
places, it appears, by accident, to be red, and, in 
otheis, green and white. This phsenomenon ad- 
mits of the following explication. From Sua- 
quem to Kossir, which is an extent of ISO 
leagues, the sea is filled with banks and rocks of 
coral } they are so called from their resembling 
coral in form and colour so exactly, that it is 
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difficult to perceive the distinction : there are 
two kinds of them, the one is white, and the 
other extremely red. In many places, they are 
covered with a kind of gum, or viscid substance, 
of a green colour, and sometimes of a deep 
orange. Now, the water of this sea is so trans- 
parent, that the bottom is visible at the depth of 
twenty fathoms, especially from Suaquem to the 
extremity of the gulf j and hence the water as- 
sumes, in appearance, the colour of the bodies 
which it covere. When, for example, the rocks 
are overlaid with a green gum, the water above 
them appears to be green ; when the bottom is 
sand alone, the superincumbent water seems to 
be white j and, when the rocks are covered with 
coral, the water above them appears to be red- 
dish. But, as the rocks of this colour are more 
frequent than the green or white, Dom Jean 
concludes, that the Arabic Gulf, has, from this 
circumstance, obtained the name of the Red 
Sea. He was tiie more satisfied with this dis- 
covery, because the method he employed in the 
investigation of it left no room for hesitation or 
doubt. In such places as were not deep enough 
to allow his vessel to sail, lie fastened pinks op- 
posite to the rocks ; and the sailors were enabled 
to execute his orders, at more than half a league 
from the rock.<i, without being immersed above 
the middle of their bodies. In diose places where 
the water appeareid red, the greatest part of the 
stones and pebbles they brought up were of the 
same colour } where the water appeared green. 
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ike stones were green also ; and where the water 
appeared white, the bottom was a pure white 
sand.” 

From the entrance to the Ited Sea, at Cape 
Gardafu, to the Cape of Good Hope, the direc- 
tion of the coast is pretty equal, and the sea 
forms no bay of arty note. There is, indeed, a 
small scoop on the coast of Melinda, which, if 
the island "of Madagascar were united to the con- 
tinent, might be considered as a part of a large 
bay. This island, it is true, though separated 
by the straits of Mozambiquej appears to have 
formerly belonged to the continent ; for, in this 
strait, there are high sands of great extent, espe- 
cially on the Madagascar coast, which render the 
open part of it Very narrow. 

From the Cape of Good Hope to Cape Ne- 
gro, on the west coast of Africa, the land lies in 
the same direction ; and the whole of it seems to 
be a chain of mountains : it is, at least, a very 
elevated country} and} though more than 500 
leagues in length, it is furnished with no rivers of 
any consideration, except one or two, which are 
known no farther than their mouths; But the 
coast, above Cape Negro} makes a large curve ; 
and the land, along this curve, appears to be 
lower than that of the rest of Africa : it is watered 
by several great rivers^ the largest of which are 
the Coanza and the Zaire. From Cape Negro 
to Cape Gonsalvez, are the 'mouths of twenty- 
four considerable rivers ; and the space between 
these two capes, reckoning along the shore, is 
about 4S0 leagues. We would be teronted to 
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think, that the ocean has encroached on these 
lonr lands of Africa, not by its natural motion 
from east to west, which could have no influence 
in producing this effect, but by the facility with 
which it might have undermined and surmounted 
them. From Cape Gousalvez to Cape Trois- 
pointes, the ocean forms an open bay, which pre- 
sents nothing remarkable, except a very advanced 
point nearly in the middle of it, called Cape For- 
mosa : it likewise contains, in the southern part 
of it, the islands of Fernandpo, St. Thomas, and 
Prince’s Island. These islands appear to be a 
continuation of a chain of mountains situated 
between Rie del Rey, and the river Jamoer. From 
Cape Trois-pointes to Cape Palmas, the ocean 
runs a little in upon the land ; and from Cape 
Palmas to Cape Tagrin, there is nothing w'orthy 
of remark. But, beyond Cape Tagrin, there is a 
small bay in the country of Sierra- Leona j and a 
little farther, there is another, in which are situ- 
ated the islands of Bisagas. We afterwards meet 
with Cape Verd, which projects far into the sea, 
and of which the islands of the same name ap- 
pear to be a continuation ; or, rather, they seem 
to be a continuation of Cape Blanc, which is a 
more elevated country, and stretches still farther 
into the ocean. We next come to a mountain- 
ous and dry coast, which commences at Cape 
Blanc, and terminates at Cape Bajador: the 
Canary islands seem to be a continuation of 
these mountains. Lastly, between Africa and 
Portugal, is a large open bay, in the middle of 
which are the celebrated Straits of Gibraltar. 
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The ocean pours its waters, with great rapidity, 
through this strait into the Mediterranean. This 
sea runs into the interior parts of the land near 900 
leagues, and gives rise to many objects worthy 
of remark. 1st, It has no perceptible tides, ex- 
cept in the gulf of Venice and a small flux and 
reflux have been alleged to take place at Mar- 
seilles and on the coast of Tripoli. 2d, It con- 
tains many*large islands, as Sicily, Sardinia, Cor- 
sica, Cyprus, Majorca, &c., and Italy, which is 
one of the most extensive peninsulas in the 
world: it is likewise ailomed with a rich Ar- 
chipelago, or ratlier, it is from the Mediterranean 
Archipelago that all other collections of islands 
have acquired that appellation. But this Ar- 
chipelago appears to belong more properly to 
the Black Sea than to the Mediterranean ; and 
it is probable, that the country of Greece was. 
partly covered with the Black Sea, which runs 
into the sea of Marmora, and from that into the 
Mediterranean. 

It has been alleged, that a double current 
runs through the Straits of Gibraltar ; one supe- 
rior, which carries the waters from the ocean into 
the Mediterranean, and another inferior, which 
carries the waters from the Mediterranean back 
to the ocean. But this notion is false, and con- 
trary to. the known laws of hydrostatics^ Oppo- 
site currents have been ascribed to several other 
straits, as the Bosphorus, the straits of Sunda, £cc. ; 
and Marsilli has related many experiments tend« 
iog to prove the existence of a superior and ia> 



958 


OF SEAS AND LAKES. 


ferior current in the Bosphorus. These experii 
ments, however, must have been fallacious ; for 
such a phenomenon is repugnant to tiie nature 
and motion of fluids. Besides. Greaves, in his 
Pj/ramidograpliia, has demotistraled, by accurate 
experiments, that there are no opposite currents 
in the Bosphorus. Marsilli and others may have 
been deceived by the regorging of the ,wat(*r near 
the shores, which takes place in the Bosphorus, 
in the Straits of Gibraltar, and in all rapid rivers, 
ftnd which often produces a motion opposite to 
that of the principal current. 

However, I have since received information, 
which seems to prove, that double currents ac- 
tually exist, and can even be demonstrated, in 
certain parts of the sea. On this subject, M, 
Deslandes, an able navigator, obligingly commu- 
nicated to me- the following accurate remarks, 
in two letters, the one dated December 6, 1770, 
and the other November 5, 1773. 

In your Theory of the Earth, art. xi. Of Seas 
and Eakes, you say, that a double current has 
been alleged to run through the Straits of Gibral- 
tar ; but that those who support this opinion have 
been deceived by the regorging of the water near 
the shores, which often produces a rnption opposite 
to that of the principal current. 

" After reading this passage, I determined to 
transmit you my observations on the subject. 

** Two months after my departure from France, 
I reconnoitered the land between Capes Gon- 
salvez nnd S^int Catharine. TllP Pf 
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currents, the direction of which is to the north 
north-west, corresponding exactly with the situ- 
ation of the lands, obliged me to cast anchor. 
The genersd winds of this region blow from the 
south south-east, south south-west, and south- 
west. I spent two months and a half in making 
fruitless attempts to change my situation, and to 
reach the coast of Loango, where 1 had some bu- 
siness to transact. During this time, 1 remarked, 
that the sea descended in the above direction 
from half a league to a league in the hour, and 
that, .at certain depths, the currents ascended be- 
low with the same rapidity as they descended 
above, 

I ascertained the depth of these opposite 
currents in the following manner ; being moored 
in eight fathoms water, and the sea extremely 
clear, 1 fi:^ed a lead of thirty pounds weight to' 
the end of a line. At about two fathoms from 
the lead, | tied a table napkin to the line by one 
of its corners, and allowed the lead to sink in 
the water. As soon as the table napkin entered, 
it took the direction of the first current. Con- 
tinuir^g to observe it, I made it descend. When- 
ever 1 perceived that the current discontinued, I 
stopped. It then floated indifferently around the 
line. In this place, therefore, the run was. inter- 
rupted. I then sunk the table napkiju about a 
foot lower, and it assumed an oppoiute direction. 
By tnarking the line at the surfoce of the water, 
1 found that the table napkin was at the depth 
of three fathom^; from, which I conclud.ed,|, 
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after different examinations, that, of eight fa< 
thorns water, three ran north north-west, and five 
ran in the contrary direction of south south-east. 

** The same day, I repeated the experiment in 
fifty fathoms water, being then distant from the 
land six or seven leagues. I was surprised to 
find that the upper current was deeper in pro- 
portion to the depth of the bottom. Of fifty fa- 
thoms water, I reckoned that from twdve to fif- 
teen ran in the first direction. This phsenopie- 
non did not take place during the whole two 
months and a half that I remained on this coast, 
but nearly one month only, and at different 
times } during these interruptions the whole wn- 
ter ran into the gulf of Guiney. 

** This opposition of currents suggested the 
idea of a machine, which, being sunk as far as 
the inferior current, and presenting a great sur- 
face, might force my vessel against the superior 
current, 1 made the experiment in miniature 
upon a boat ; and I proceeded so far as to pro- 
duce an equilibrium between the force of the 
superior current, joined to that of the wind, upon 
the boat, and the force of the inferior current 
upon the machine. I had not an opportunity of 
making trials on a larger scale. What I have 
related, sir, is a truth which may be confirmed by 
every navigator who has visited these climates. 

I imagine that the winds, as well as the 
rivers, which discharge themselves into the sea 
along this coast, and cany great quantities of 
earth into the gulf of Guiney, are the principal 
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causes of these effects. Besides, the bottom of 
this gulf, which, by its declivity, obliges the tide 
to run retrograde whenever it arrives at a certain 
level, and is incessantly pressed by fresh quan- 
tities, while the wind acts in a contrary direction 
upon the surface, and constrains part of the water 
to observe its ordinary course. This seems to be 
the more probable, because the sea enters from all 
quarters into this gulf, and issues only by revo- 
lutions which seldom happen. The moon has 
no apparent effect; for the same thing takes 
place during all its phases. 

I had occasion to be still farther convinced 
that the pressure of the water, when it comes to 
its level, joined to the inclination of the bottom, 
are the sole causes of this phsenomenon. I found, 
that these currents exist only in proportion to 
the smaller or greater declivity of the shores; 
and I have every reason to believe, that they are 
not perceived beyond twelve or fifteen leagues 
from land, which is the greatest distance along 
the coast of Angola, where we can be certain of 

finding the bottom 

** The following circumstances seem to prove, 
that similar changes in the currents take place 
in the 6pen sea. I made one of my experiments 
at a mean depth, namely, thirty-five fathoms. I 
found, at the depth of six or seven fathoms, that 
the course of the water ran north north-west. On 
sinking two or three fathdms more, my line 
stretched to the west north-west. At three or 
four fathoms deeper, the course was west south- 
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twenty-five and twenty-six fathoms, the course 
was south south-east, and towards the bottom it 
was south-east and east south-east. From these 
experiments I drew the following conclusions: 
that I might compare the ocean between Africa 
and America to a great river, the course of which 
is almost constantly, directed to the north-west 
that, as it runs along, it carries down sand and 
mud, which it deposits on its banks. These 
banks are, of course, heightened, and necessarily 
raise the level of the water, and oblige it to run 
retrograde in proportion to the declivity of tho 
shore. But, as the water is directed by a primi- 
tive impulse, it cannot return in a straight line : 
obeying the original movement, and yielding re- 
luctantly to the last obstacle, it must necessarily 
describe a curve of greater or smaller extent, till 
it meets the middle current, with which it may 
partly unite, or which may serve it as a fulcrum, 
and give it a direction contrary to that impressed 
on it by the bottom. As the mass of water is in 
perpetual motion, the water towards the bottom, 
being nearer the cause and more pressed, must 
always undergo the first changes, an^ run in a 
direction contrary to the superior current, while 
the same cause reaches not different heights. 
These, sir, are my ideas. I have frequently t^en 
advantage of these inferior currents i by sinking 
a machine to different depths, according to the 
number of fathoms water I happ^ed to be in, I 
was enabled to sail against the upper current. I 
found, that, in calm water, and with a surface 
three times larger than that part of the prow 
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which is below the water, we codld run ftx>iii a; 
third to half a league iu the hour. Of this fact I 
was ascertained by my latitude, by boats which 
I anchored, and from which I found myself at a 
great distance an hour afterward ; and, lastly, by 
the distance of certain points along the coasts.” 

These observations of M. Deslandes seem to 
be decisiye, and 1 accede to them with pleasure. 
J cannot sufficiently thank him for demonstra* 
ting not onlj*^ that my ideas on this subject were* 
in general, just, but that, in particular circum- 
stances, they were liable to exceptions. It is 
not less certain, however, that the ocean forced 
open the Strait of Gibraltar, and, consequently, 
that the Mediterranean Sea received a great aug- 
mentation by this irruption. I rested this opi- 
nion not only on the current of the oceans intu 
the Mediterranean, but on the situation of the 
land and the correspondence of the strata on the 
opposite coasts, which has often been remarked 
by intelligent navigators. " The irruption which 
formed the Mediterranean is evident, as Well 
as that of the Black Sea by the strait of the 
Dardanelles, where the current is always vio- 
lent, and the correspondence of the angles of 
the two coasts strongly marked, as well as the 
similarity of the strata, which are precisely the 
same on the opposite sides*.” 

Besides, the idea of Deslandes, who cfon- 
tfiders the sea between Africa and America a» a 
great rivet, the course of which is towai^ (he 
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north-west, agrees perfectly with what I ad- 
vanced concerning the water’s running in 
greater quantity from the south than from the 
north pole. 

Let us now briefly run over the coasts of the 
New Continent. We shall begin with Cape 
Hold-with-hope, which is situated in the seventy- 
third degree of north latitude. This is the most 
northerly point of land in New Greenland, and 
is distant from Cape North in Lapland about 
160 or 180 leagues. From this cape the coast 
of Greenland might be traced to the polar circle, 
where the ocean forms a large strait between 
Iceland and Greenland. Some maintain, that 
this country in the neighbourhood of Iceland is 
not the Ancient Greenland, formerly possessed 
by the Danes as a dependent province. Its 
inhabitants were civilized Christians, who had 
bishops, churches, and a number of towns, pro- 
portioned to their trade. The Danes had a 
communication with them as easy, and as fre- 
quent, as the Spaniards with the Canary islands : 
there still exists, it is said, laws and regula- 
tions with regard to the government of this 
province, and these not of a very ancient date. 
However, without forming any conjectures how 
this country came to be absolutely lost, we find 
not in New Greenland the least vestige of what 
is here related. They are mere savages: tliey 
have no buildings: there is not a word in their 
language that has the smallest affinity to the 
Danish tongue; and there is not a single cir- 
cumstance from which we can infer it to be the 
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same coantiy. It is even almost a desert> and 
is covered with snow and ice the greatest part 
of the year. But, as these lands are of vast ex- 
tent, and, as the coasts have been little frequented 
by modern navigators, they may have missed 
the place occupied by the descendants of these 
polished people; or the increase of the ice 
in this sea may now, perhaps, prevent all access 
to tiiem. If, however, maps can be trusted, the 
whole coast of this country is known : it forms 
a large peninsula/ at the extremity of which are 
'the two straits of Frobisher and of Friesland, 
where the cold is excessive, although they are 
not farther north than the Orkneys, that is 
about sixty degrees. 

Between the w’est coast of Greenland, and 
that of Labrador, the ocean forms a gulf,, and 
then a large mediterranean, which is the coldest 
of all seas, and its coasts are little known. In 
pursuing this gulf, we meet with Davis’s Strait, 
which leads to the Christian Sea, which last ter- 
minates in BalFin’s Bay, through which there ap- 
pears to be an outlet into Hudson’s Bay. The 
strait of Cumberland, which, like that of Davis, 
may lead into the Christian Sea, is more narrow, 
and more subject to be frozen. Hudson’s Strait, 
though much farther south, is also frozen for 
some part of the year: and it is remarkable, 
that the tides are very high in those seas and 
straits, although no tides take place in the inland 
seas of Europe, as the Baltic and Mediterranean. 
This difference seems to be occasioned by the 
motion of the sea from east to west, which pro- 
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duces high tides in straits opposite to the current 
of the waters, or whose mouths open to the east. 
But, in those of Europe, which open to the 
west, there are no tides. The ocean, by its ge-< 
neral movement, rushes into the former, but 
&ies from the latter ; and this is the reason why 
the tides are so violent in the seas of China, 
Corea, and Kamtschatka. 

In sailing down Hudson’s Bay towards Ea- 
brador, there is a narrow opening, thirty leagues 
of which Davis traversed in, 1586, and traded 
with the inhabitants. But no attempts have 
hitherto been made to discover the whole of 
this arm of the sea. We know nothing of the 
neighbouring country, but the land of the 
Esquimaux. Fort Pon-chartrin is the only set- 
tleipent, and the most northeiiy part of this 
country •, and it is separated from the island of 
Newfoundland by the small strait of Belleisic, 
which is little frequented. As the eastern coast 
of Newfoundland has the same direction with 
that of Labrador, this island appears to have 
been formerly a part of the continent, in the 
same manner as Isle-royal seems to have been 
.detached from Acadia. The bottoms of the 
. great b^nk, and of the lesser banks, pn which 
the cod-fishery is carried on, are not deep ; but, 
.as they. shelve a great way under water, they 
prodqce violent currents. .Between Cape Bre- 
.ton and .Newfoundland, there is a pretty large 
atrait, . which is, the .tnopth of a small mediterra- 
nean .called the Gulf, of St. Lawrence. It sends off a 
branch, which extends a considerable way into 
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the country, and appears to be only the mouth 
of the river of that name. In this arm of the 
sea the tides are very perceptible ; and even at 
Q.uebec, which is farther up the country, the 
waters rise several feet. Leaving the gulf of St. 
Lawrence, and following the coast of Acadia, wo 
meet with a small gulf called Boston Bay, which 
is of a square figure, and advances a little way 
only into* the land. But, before we pursue this 
co^st any farther, it is worthy of remark, that, 
from Newfoundland to Guiana, the ocean forms 
hn immense bay, that runs in upon the land as 
far as Florida, which is more than 300 leagues. 
This bay is similar to that of the Old Continent 
above described, where the ocean, after forming 
a large gulf between Kamtschatka and New 
Britain, gives rise to a great mediterranean, 
which comprehends the sea of Kamtschatka, of 
Corea, of China, &c. In the same manner, in 
the New Continent, the ocean, after forming a 
large gulf between Newfoundland and Guiana, 
gives rise to a great mediterranean, extending 
from the Antilles to Mexico; which confirms 
what we have advanced concerning the motion 
of the sea from east to west : for it appears that 
the ocean has gained as much territory on the 
east coast of America as on the east coast of 
Asia. Besides, these great gulfs in each conti- 
nent lie under the same degrees of latitude, and 
are nearly of equal extent.' Such singular rela- 
tions, it would appear, must .have been produced 
by the same cause. 

On viewing the islands .and irulfs. which 
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veiy numerous round Greenland, it is difficult, 
as navigators remark, not to suspect that the sea 
falls back from the poles towards the equator. 
What favours this conjecture is, that the tide rises 
eighteen feet at Cape des Etats, and only eight 
feet in the bay of Disko, i. e. at ten degrees of 
higher latitude*. 

This observation, joined to that of the pi;ek, 
ceding article, seems still farther to conBrm the 
movement of the waters of the ocean from the 
southern to the northern regions, where they, 
are forced, by the resistance of the lands, to re- 
gorge or flow back toward the south. 

In Hudson’s Bay, vessels have to preserve 
themselves from mountains of ice, which are 
said to be from l,dOO to 1,800 feet thick, and 
which, being formed by a succession of long 
winter's, in small gulfs perpetually filled with 
snow, have been detached by the north-west 
winds, or by some other powerful cause. 

The north-west wind, which prevails perpe- 
tually during winter, and often in summer, 
excites, in the same bay, dreadful tempests. 
These are still more to be apprehended, because 
shoals are here very frequent. In the countries 
which bound this bay, the sun never rises nor 
sets without a great cone of light. When this 
phsnomenon disappears, it is succeeded by the 
aurora borealis. Here the heavens are seldom 
serene. In spring and autumn the air is gene- 
rally replete with thick fogs; and, during 


* Hitt Gen. dcs Voyage*, tom. xix. p. 2. 
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Winter^ vtrith an infinity of small threads of 
ice, which are visible to the eye. Though 
the summer heats are considerable during two 
months or six weeksi thunder and lightning are 
rare*. 

The sea along the coasts of Norway, which 
are boi^ered with rocks, is commonly from 10(1 
to 400 fathoms deep, and the water is less salt 
than in warmer climates. The number of oily 
fishes with which this sea is filled, renders it so 
fat, ' that it is almost inflammable. The tide is 
here inconsiderable, the highest riot rising above 
eight feet f. 

Some observations have lately been iriade upon 
the temperature of the land arid water in the cli* 
mates adjacent to the riorth pole. 

“ In Greenland, the cold begins with the new 
year, and becomes so piercing in the trionths 
of February and March, that the stones splits 
and the sea smokes like a furnace, especially in 
the bays. In'tbe riiidst of this thick fog, how* 
ever, the frost is not so intense, as wheri the 
sky is unclouded : for, when we pass from the 
land to that foggy atmosphere which coveris the 
surface and margins of the waters. We feel a 
inilder air^ though our hair arid clothes are 
stiffened with hoar-frost. This fog produces 
more chilhlains than a dry cold; arid, when it 


• Hist. Phil. At IMH, tom. vi. p. sds, 309. 
f, Pontoppidan’s Nat. Hitt, Norway; Journal Btrangor# 
Ao4t, 17SS. 
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{Kisses from the sea to & colder atmosphere, it 
instantly fieezes, is dispersed through the boriaon 
i>y the wind, and produces a cold so intense^ 
that no person can go into the open air without 
running the. hazard of having bis bands and feet 
ei\tirety frozen. It is in this season, that we 
see the water freeze on the fire before it boils. 
It is then that the winter paves a road of ice be- 
tween islands, and in the bays and straits. 

*' Autumn is the finest season in Greeul,and. 
But its duration is short, and frequently inter- 
rupted by cold frosty nights. It is also about 
this time, that, in an atmosphere darkened with 
vapours, we see fogs which freeze and form a 
tissue on the sea similar to cobwebs ^ and, in the 
fields, the air is impregnated with lucid atoms, 
or. sharp icicles like small needles. 

** It has often been remarked, that the sea- 
sons in Greenland assume a. temperature opposite 
to that which prevails in the rest of Europe. 
When the winter is rigorous in the temperate 
climates, it is mild in Greenland, and very 
severe in this northern region, when it is mo- 
derate in our countries. At the end of the year 
1739 , the winter was so mild in the bay of 
Disko, that the geese, in the month of Januaiy, 
passed from the temperate to the frozen zone in 
quest of warmer air} and that, in 1740, no ice 
was seen at Disko in the month of March} 
while, in Eorop^, the ice prevailed, without 
interruption, from October to May 

** In winter 1763, which was extremely cold 
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over ail ^rope, the cold was so Uttle fidt m 
Greenland, that some summers bare bees less 
mild*.’’ 

We are assured by voyagerSj that, ih the seas 
adjacent to Greenland, there are veiy high moun- 
tains of floating ice, and others which resemble 
rafts of 200 fathoms in length, by sixty or eigh^ 
in breadth. Bat these boards of ice, which form 
immense (ilains upon the sea^ are seldom above 
nine or twelve feet thick; They seem to be 
formed immediately on the surface when the 
cold -is greatest. But the floating and very high 
masses come from the land, i. e. from the envi- 
rons of mountains and coasts^ from which they 
have been detached and carried down to the sea 
by the rivers. These masses of ice bring along 
with them great quantities of wood, which .are 
afterwards thrown by the sea upon the eastern 
coasts of Greenland. This wood, it appears, 
neither comes from Labrador nor Norway; be- 
cause the north-east winds, which are very violent 
in these countries, would push back the trees; and 
the currents which run to the south of Davis’s 
Strait, and Hudson’s Bay, would stop all that 
might come from America to the coasts of 
Greenland. 

The sea begins to carry masses of ice to Spits- 
bergen in the months of April and May. A 
great number come from Davis’s Strait, part of 
them from Nova Zembla, aiid the greatest num- 


* Hift. Gen. <Im Vojragw, tom. ns. p. 80 , ftc. 
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jber froitf the east coast of Greenland, being 
transported from east to we^ according to tbe 
general movement of the ocean. 

The following facts and notices .are to be 
found in the voyage of captain Phipps: ** The 
idea of a passage to the East Indies by the 
north pole was suggested as early as the year 
1527f by Robert Thorne, merchant of Bristol. 

” No voyage, however, appears to 

have been undertaken to explore the circum> 
polar seas, till the year 1607, when ** Henry 
Hudson was set forth, at ttie charge of certain 
worshipful merchants of London, to discover a 
passage by the north pole to Japan and China. 

. . . And this I can assure at this present, that 
between seventy>eight degrees and a half, and 
eighty-two degrees, by this way there is no 
passage. 

** In 1609 , a voyage was set forth by the 
right worshipful sir Thomas Smith to the south 
patt of Spitzbergen j and, when near Foreland, 
he sent his mate ashore} and speaking of the 
account he gave at bis return, says. Moreover, 
I was certified that all the ponds and lakes were 
imfrozen, they being fresh water j whicli piitteth 
me in hope of a mild summer here, after so 
sharp a beginning as I have bad; and my opi- 
nion is such, and I assure myself it is so, that 
a passage may be as soon attained this way by 
the pole, as any Unknown way whatsoever, by 
reason the sun doth give a great heat in this 
climate, and the ice (1 mean that freezeth here) 
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b nothing so huge as I have seen in SCTenty- 
three degrees .... Several other voyagers iMve 
attempted to discover this passage* but without 
success.” 

On the 5th of July, captain Phipps saw great 
quantities of floating ice about the 79° Si' of 
latitude. The weather was foggy. The next 
day he continued his course as far as the 79° 59' 
3 & between Spitzbergen and the ice. On the 
7th..^ he proceeded through the floating masses 
of ice in quest of an open passage to the north, 
by which he might gain an open sea. But the 
ice to the north north-west formed one continued 
mass; and at 80° 36' the sea was entirely frozen; 
so that all the attempts of captain Phipps to 
discover a passage proved abortive. On the 
l2th of September, Dr. Irvine tried the tem- 
perature of the sea in a state of great agitation, 
and found it considerably warmer than that of 
the atmosphere. This observation is the more 
interesting, as it agrees with a passage in Pin- 
tarch's Natural Questions, not (1 believe) before 
taken notice of* or oonflrroed by experiment* 
fn which be remarks* * that the sea becomes 
warmer by being^agitated in waves, . . .* These 
gales are as common in the spring as in the au- 
tumn : there is every reason to suppose, there- 
fore, that at an early imason we should have met 
widi the same bad weather in going out as we 
did on our return.** And, ‘as oaptain Phipps 
departed from England in the end of May, be 
certainly took the season most favourable to bis 
exnediltioBi^ ’ ** TIhiw** 
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bability, if ever navigatioa should be practicable 
to the polea of finding the sea open to the north* 
ward after the solstice; the sun having then ex- 
erted'the full influence of his rays, though there 
was enough of the summer still remaining for the 
purpose of exploring the seas to the northward 
and westward of Spitzbergen.” 

1 agred entirely with this able navigator; and 
I suspect that the expedition to the pole cannot 
be renewed with success, and that we can n,ever 
reach beyond the eighty-second or eighty-third 
degree. We are assured that a vessel from 
Whitby, in the year 1774, penetrated as far as 
the eightieth degree, without seeing ice sufiicient 
to prevent sailing still farther. A captain Ro- 
binson is likewise quoted, from whose journal 
it appears that, in 1773) he arrived at the 81° SO*, 
Lastly, a Dutch ship of war, sent to protect the 
whale-fishers, is said to have advanced, about 
fifty years ago, as far as the eighty-eighth degree. 
Dr.. Campbell, it is added, received this intel- 
ligence from a Dr. Dallie, who was in the vessel, 
and practised physic in London in the year 
1745 *. This is probably the same navigator 
whom I formerly quoted under the name of cap- 
tain Mouton, But I am extremely suspicious 
of the fact; and I am persuaded, that we shall 
in vain attempt to reach beyond the eighty- 
second or eighty-third degree; and that, if a 
passage by the noVth is practicable, it can only 
be by the way of Hudson’s Bay. 


* Gaiette de Uteratore, Aotit 9, 1774, No. 6.t. 
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On this subject, the following passage of the 
learned and ingenious author of the History of 
the Two Indies merits attention: “ Hudson’s 
Bay always has been, and is still looked upon as 
the nearest road from Europe to the East Indies, 
and to the richest parts of Asia. 

** Cabot was the first who entertained an idea 
of a north-west passage to the South Seas ; but 
his discoveries ended at Newfoundland. After 
him followed a crowd of English navigators, 
many of whom had the honour of giving their 
names to savage coasts which no mortal had 
ever visited before. These bold and memorable 
expeditions were more striking than really use- 
ful. The most fortunate of them did not furnish 
a single idea relative to the object of pursuit. 
The Dutch, less frequent in their attempts, and 
who pursued them with less ardour, were of 
course not more successful, and the whole began 
to be treated as a chimera, when the discovery 
of Hudson’s Bay rekindled all the hopes that 
were nearly extinguished. 

** From this time the attempts were renewed' . 
with fresh ardour. Those that had been made 
before in vain by the mother country, whose 
attention was engrossed by her own intestine 
commotions, were pursued by New England, 
wbbse situation was favourable to the enterprise. 
Still, however, for some time, there were more 
voyages undertaken than discoveries made. The 
nation was a long time kept in suspense by the 
contradictory accounts received from the adven- 
turers. While some maintained the possibility. 
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some the probability, and others asserted the cer« 
tjunty of the passage } the accounts they gave, 
instead of clearing up the point, involved it in still 
greater darkness, Indeed these accounts are sq 
full of obscurity and confusion, they are silent 
upon so many' important circumstances, and they 
display such visible marks of ignorance and want 
of veracity, that, however impatient we may be 
of determining the question, it is impossible tq 
build any thing like a solid judgment upon testi- 
monies so suspicious. At length, the famous ex- 
pedition of 1746 threw some kind of light upon' a 
point which had remained enveloped in darkness 
for two centuries past. But upon what grounds 
have the latter navigators entertained better 
hopes ? What are the experiments on which they 
foond their conjectures f 

** Let us proceed to give an account of their 
arguments. There are three facts in natural 
history, which henceforward must be taken for 
granted. The first is, that the tides come from 
the ocean, and that they extend more or less into 
the other seas, in proportion as their channels 
communicate with tfie great reservoir by larger or 
smaller openings ; from whence it follows, that 
this periodica] motion is scarcely perceptible in 
the Mediterranean, in the Baltic, and other gulfs 
of the same nature. A second mtttter of fact is, 
that the tides are much later and much weaker in 
places more remote from the ocean, than in those 
which are nearer to it* The third fact is, that 
violent winds, which blow in a direction with 
the tides, make them rise above their ordinary 
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bopndarieSt and that those which blow in a con- 
trary direction retard their motion, at the same 
time that they diminish their swell. 

** From these principles, it is most certain that, 
if Hudson’s Bay were no more than a gulf in- 
closed between two continents, and had no com- 
munication but with the Atlantic, the tides in it 
would be very inconsiderable ; they would be 
weaker in proportion as they were farther re- 
moyed from the source, and would be less strong 
wherever they ran in a contrary direction to the 
wind. But it is proved, by observations made 
with the greatest skill and precision, that the 
tides are very high throughout the whole bay. It 
is certain that they are higher towards the bot- 
tom of the bay than even in the strait itself, or at 
least in the neighbourhood of it. It is proved 
that even this height increases whenever the 
wind blows from a corner opposite to the strait: 
it is, therefore, certain, that Hudson’s Bay has a 
communication with the ocean, beside that which 
has been already found out. . 

** Those who have endeavoured to explain 
these very striking facts, by supposing a com- 
munication of Hudson’s with Baffin’s Bay, or 
with Davis's Straits, are evidently mistaken. 
They would not scruple to reject this opinion,^ 
for which indeed there is no real foundation, if 
^ey only considered that the tides are much 
lower in Davis’s Straits, and In Baffin’s Bay, than 
in Hudson's. 

But if the tides in Hudson’s Bay can come 
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Other northern sea, in which they are constantly 
ranch wedcer, it follows that they must have 
their origin in the Sooth Sea. And this is still 
farther apparent from another leading fact, which 
is, that the highest tides ever observed upon these 
coasts, are always occasioned by the north-west 
winds, which blow directly against the mouth of 
the strait. 

“ Having thus determined, as much' as the na- 
ture of the subject will permit, the existence of 
this passage, so long and so vainly wished for, the 
next point is to find out in what part of the bay 
it is to be expected. From considering every 
circumstance, we are induced to think, that the 
attempts, which have been hitherto made with- 
out either choice or method, ought to be directed 
towards Welcome Bay, on the western coast. 
First, the bottom of tfie sea is to be seen there 
at the depth of about eleven fathoms, which is an 
evident sign that the water comes from some 
ocean, as such a transparency could not exist in 
waters discharged from rivers, or in melted snow' 
or rain. Secondly, the currents keep this place 
always free from ice, while all the fest of the 
bay is covered with it ; and their violence can- 
not be accounted for but by supposing them to 
come from some western sea. Lastly, the whales, 
who towards the latter end of autumn always go 
in search of the warmest climates, are found ijn 
great abundance iu these parts towards the end 
of summer, which would seem to indicate that 
there is an outlet for them from thence to the 
south seas, not to the northern ocean. 
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** It is probable that the passage is very short. 
All the rivers that empty themselves on the 
western coast of Hudson’s Bay are small and 
slow, which seems to prove that they do not come 
from any distance ; and that, consequently, the 
lands which separate the two seas are of a small 
extent. This argument is strengthened by the 
height and regularity of the tides. Wherever 
there is no other difference between the times 
of the ebb and flow, but that which is occasioned 
by the retarded progression of the moon in her 
return to the meridian, it is a certain sign that 
the ocean from whence those tides come is very 
near. If the passage is short, and not very ^ 
to the north, as every thing seems to promise, we 
may also presume that it is not very diflicult. 
The rapidity of the currents observable in these 
latitudes, which prevents any flakes of ice from 
continuing there, cannot but give some weight 
to this conjecture.” 

1 believe, with this excellent writer, that if a 
practicable passage exists, it must be at the bot- 
tom of Hudson’s Bay, and that all attempts by 
Baflin’s Bay will be fruitless, because the climate 
is too cold, and its coasts are always frozen, espe- 
cially towards the north. But the existence of 
this passage is rendered still more doubtful by the 
lands discovered, in 1741, by Bering andTchiri- 
kow, under the same latitude with Hudson’s Bay j 
for these lands seem to form’ a part of the great 
continent of America, which appears to stretch 
under the same latitude as far as the polar circle. 
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only be found about the fifty-fifth degree of north 
latitude. 

If we examine the position of the Antilles, 
beginning with the island of Trinidad, which is 
the sonthmost, it is impossible to doubt but that 
Trinidad, Tobago, the Granades, St. Vincent, 
Martinioo, Marygalante, Antigua, Barbadoes, 
and all the adjacent isles, once formed a chain of 
mountains, which extended from soutfi to north, 
like Newfoundland and the country of the Esqui- 
maux. Farther, the direction of the Antilles 
from east to west, if we begin with Barbados, 
and pass on to St. Bartholomy, Porto-Rico, St. 
JSomingo, and Cuba, is nearly the same with the 
coasts of Cape Breton, Acadia, and New Eng- 
land. All these islands lie so contiguous, that 
they may be regarded as a continued belt of land, 
and as the most elevated parts of a country now 
occupied by the sea. Most of them are nothing 
but the tops of mountains ; and the sea between 
them and the continent is a true mediterranean, 
in which the tides are not much more perceptible 
than in our Mediterranean, although the straits 
between the islands are directly opposed to the 
motion of the sea 'from east to west, which 
should contribute to raise the tides in the guV of 
Mexico. But, as this gulf is very broad, the 
waters elevated by the tide when expanded over 
a large surface, hardly produce any sensible 
change upon the coAst of Louisiana and several 
other places. 

Both the Old and New Continents, therefbre, 
appear to have been encroached upop bv the 
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ocean in the same latitudes : both are furnished 
with a great mediterranean, and a vast number 
of islands, which likewise lie nearly in the same 
latitudes. The -only difference is, that the Old 
Continent being much larger than the New, has 
a mediterranean on its west coast, to which the 
New Continent has nothing analogous. But 
both seem to have undergone similar revolutions. 
These revolutions are greatest near their middle 
parts, or between the tropics, where the motion 
of the sea is most violent. 

• The coasts of Guiana, from the mouth of the 
river Oronoko to that of the Amazons, exhibit 
nothing remarkable. But the Amazons, which 
is the largest river in the universe, forms a con> 
siderable sheet of water near Coropa, before it 
discharges itself into the sea by the two mouths 
which surround the island of Caviana. From 
the mouth of the Amazons to Cape St. Roche, 
the river runs almost straight east i from Cape 
St. Roche to Cape St. Augustine it runs 'south, 
and from Cape St. Augustine to the bay of All 
Saints, it runs westward in such a manner that 
this part of Brasil projects considerably into the 
ocean, which is directly opposite to a similar pro- 
jection of the African coast. The bay of All 
Saints is a small arm of the sea, which advances 
about fifty leagues into the land, and is much 
frequented by navigators. From this bay to 
Cape St. Thomas, the coast' runs straight south, 
and from thence, in a south-west direction, to 
the mouth of the Plata, where an arm of the sea 



this riser, to the southern extremity of Ameritiiti 
the ocean forms a large bay, which is terminated 
by Falkland Island, Cape Assumption, end other 
lands bordering on Terra del Fuego. Atthebot* 
tom of this bay is the strait of Magellan, the 
longest in the universe, and where the tides rise 
very high. Beyond this is the strait of La Maire^ 
which is much shorter } andj lastly, Cape Horn, 
which is the south point of America. ' 

On the subject of points or headlands, it is 
remarkable, tliat they all regard the south, and 
that most of them are cut by straits Which run 
from east to west. The point of South America 
regards the arctic pole, and it is cut by the strait 
of Magellan : that of Greenland, which likewise 
has a southern aspect, is cut from east to west by 
the strait of Frobisher: that of Africa regards 
also the south, and, beyond the Cape of Good 
Hope, are banks and shoals which appear to 
have been separated from it : that of the penin* 
sola of India is cut by the strait between it and 
the island of Ceylon ; and, like all others, projects 
southward. These are facts ; but we are unable 
to give any explication of them. 

From Terra del Fuego, all along the west coast 
of South America, the ocean makes considerable 
advances into the land; and this coast seems to 
follow exactly the direction of the high moun- 
tains which traverse this part of the continent 
from sooth to north, from the equator to the 
arctic pole. Near the line, the ocean forms a 
large bay, extending from Cape St. Francois to 
Panama, that famous isthmus, which, like that 
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of Saez> prevents the junction of the two seas. 
If these two necks of land were removed, both 
the Old and the New Continent would be di> 
vided into two dbtinct portions. From Panama 
to Cdifoniia, there occurs nothing worthy of 
remark. Between the peninsula of California 
and New Mexico, is a long arm of the ocean, 
called the Vermilion Sea, which is more thau 
200 leagues long. In fine, the west coast of Ca- 
lifornia has been traced to the forty-third degree 
of latitude. It was in this latitude that Drake, 
who first discovered the land to the north of Cali- 
fornia, and which he called New Albion, was 
obliged, by the rigour of the cold, to change his 
course, and to anchor in a small bay which bears 
his name j so that the countries beyond the forty- 
third or forty-fourth degree, in this part of the 
globe, are as little known as those of North Ame- 
rica, beyond the forty-eighth degree, which is 
inhabited by the Moozemleki, and the fifiy-first, 
which is inhabited by the Assiniboils. The ter- 
ritory of the former savages extends much farther 
west than that of the latter. All beyond, for 
1,000 leagues in length, and as much in breadth, 
is totally unknown, unless the Russians, as they 
pretend, have made some discoveries by depart- 
ing from Kamtschatka, and visiting the eastern 
coasts of North America. 

The ocean, then, aurrounds the whole globe, 
without interruption, and wh may sail round h 
by taking our departure from the soulfr point 
of America. But vire are still uncertain whether 
the ocean surrounds, in the same manner, the 
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north part of the globe} and all the navlgatoi^^ 
who have attempted to go from Europe to China 
bj the north-east or north-west, have equally 
failed in their enterprises. 

Lakes differ from mediterraneans j the former 
derive no water from the ocean} on the con- 
trary, when they 'Communicate with seas, they 
are constantly diseharging water into them. 
Thus the Elack Sea, which some geographers 
have regarded as a branch of the Mediterranean} 
and, of course, as an appendage of the ocean, 
is only a lake; because, in place of receiving any 
supplies from the Mediterranean, its waters run 
with rapidity through the Bosphorus* wto the 
lake called the sea of Marmora, and from 
thence through the straits of the Dardanelles 
intQ the Grecian Sea. The Black Sea is about 
S50 leagues long, and lOO broad : it receives a 
number of large rivers, as the Danube, the 
Nieper, the Don, the Bog, the Donjec, &c. The 
Don, which unites with the Doiyec, before it 
arrives at the Black. Sea, forms a lake called the 
Pabis Meotisy which is more than 100 leagues in 
length, and from twenty to twenty-five in 
breadth. The sea of Marmora, which is below 
the Black Sea, is a lake smaller than the Palus 
Meotis, being not above fifty leagues long, and 
eight or nine broad. 

It is related by some of the ancients, and par- 
ticularly by^Dio^oras Siculus, that the Euxine, 
m Black Sea, was originally a gread; river or 
lake, and had no communication with the Greek 
Ijjea ; but that its . waters were, in the course of 
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time, so greatly augmented by the rivers which 
fall into it, that they forced a passage, first by 
the islands of Cyanea, and . then by the Helle> 
spont. This opinion has great probability on 
its side ; and, 1 think, it is no difficult matter to 
explain how the operation was effected: for, 
supposing the bottom of the Black Sea to have 
been formerly much lower than it is now, the 
mud and ^and carried down by the rivers would 
gradually raise it, till the surface of the water 
was elevated above that of the land, and then 
the water would necessarily find a passage for 
itself : and, as the rjvers continue still to trans- 
port sand and earth, and as, at the same time, 
the quantity of water in the rivers diminishes in 
proportion as the mountains from which they 
spring are lowered, it may happen, in the course 
of ages, that the Bosphorus will again be filled 
up. But, as effects of this nature depend on 
many causes, we must content ourselves with 
simple cor\jecturest M. Tournefort, on the au- 
thority of the ancients, says, that the Black Sea, 
which receives the waters of a great part of Eu- 
rope and Asia, after being considerably aug- 
mented, opened to itself a passage by the Bos- 
phorus, and either formed the Mediterranean, 
or increased its waters to such a degree, that 
that 'they forced a passage to the ocean through 
the Straits of Gibraltar ; and that the island of 
Atalantis, mentioned by Plate, was on this occa- 
sion totally overflowed.- This notion cannot 
be supported } for the ocean runs into the Metli*’ 
terrauean, and not the Mediterraneun into the 
VOL. I. 2 C 
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ocean. Besides, M. Tournefort has not combined 
two essential facts, though he has mentioned 
both of them. The first is, that the Black Sea re- 
ceives nine or ten rivers, each of which furnishes 
more water than is discharged by the Bosphorus ; 
and the second, that the Mediterranean does not 
receive more water from rivers than the Black 
Sea, though it be seven or eight times larger; 
and what it receives from the Bospfiorus is not 
the tenth part of what 'falls into the Black Sea. 
How, therefore, could thi.s tenth part of the 
water, that falls into a small sea, produce not 
only a larger sea, but augment its waters to such 
a degree as would enable it to break down the 
isthmus of Gibraltar, and overwhelm an island 
of greater extent than the whole of Europe? 
It is easy to perceive that M. Tournefort has 
not sufficiently considered this matter. The 
Mediterranean derives from the ocean at least 
ten times the quantity of water it receives from 
the Black Sea; for the narrowest part of the 
Bosphorus exceeds not 800 paces, while that of 
the Straits of Gibraltar is more than 3,000 ; and 
supposing the velocities of both to be equal, still 
the water in the Straits of Gibraltar is by much 
the deepest. 

M. Tourtiefort, who ridicules Polybius for 
predicting that the Bosphorus will in time be 
filled up, has not attended sufficiently to circum- 
stances, otherwise lie wonlcTnot have pronounced 
the impossibility of such an event. Must not 
'^lack Sea, which constantly receives the 
Sand and mud of eight or ten large rivers, gra- 
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tlually fill up ? Must not the winds and the na- 
tural current of the waters continually transport 
part of these matters into the Bosphorus ? It is, 
therefore, extremely probable, that, in the course 
of ages, the Bosphorus will be choked up, when 
the quantity of water discharged by the rivers 
into the Black Sea shall be greatly diminished. 
Now, the rivers are diminishing daily, -because 
the mouulains, which collect the dews, and give 
rise, to (he rivers, are continually decreasing. 

Tlie Black Sea receives more water from ri- 
vers than the Mediterranean j and M. Tourne- 
fort observes, on this subject, “ That the greatest 
rivers in Europe fall into this sea by means 
of the Danube, into which are discharged the 
rivers of Suabia, Franconia, Bavaria, Austria, 
Hungary, Moravia, Corinthia, Croathia, Both- 
nia, Servia, Transylvania, and Wallachia: the 
rivers of Black Russia and of Podolia fall like- 
wise into the same sea by means of the Niesterj 
those of the southern and eastern parts of Po- 
land, of the northern part of Muscovy, and of 
the country of the Cossacks, fall into it, either 
by the Nieper or Boristhenesj the Tanais and 
the Copa empty themselves into the Black Sea 
by the Cimmerian Bosphorus; the rivers of 
Mingrelia, the principal of which is the Phasis, 
also discharge their contents into this sea, and 
likewise the Casalmac, the Sangaris, and other 
rivers of Asia Minor which take a northern 
course: but the discharge through the Thra- 
cian Bosphorus, which is the only outlet from 

S c 2 
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the Black Sea, is not comparable to that of any 
one of these great rivers 

All these facts demonstrate the great quantity 
of water carried off by eva|)oration ; and it is 
owing to this circumstance that the ocean con- 
stantly runs into the Mediterranean by the Straits 
of Gibraltar. It is didicnlt to ascertain the 
quantity of water received by any sea; it re- 
quires an exact knowledge of the breadth, depth, 
and velocity of all the rivers that fall into it; of 
their augmentation and diminution in different 
seasons of the year, and of the quantity which tlie 
sea loses by evaporation. This last is the most 
difficult to determine; for supposing evapora- 
tion to be proportioned to the surfaces, it will 
be greater in a wsirm than in a cold climate. 
Besides, water mixed with salt and bitumen eva- 
porates more slowly than fresh watef ; a sea sub- 
ject to great agitation evaporates more quickly 
than a calm sea; and a difference in the depth 
has also some effect. In fine, so many particu- 
lars are included in the theory of evaporation, 
that it is not possible to make an exact estima- 
tion of its quantity. 

The water of the Black Sea is less clear and 
less salt than that of the ocean. There are no 
islands in it; and its tempests are more violent 
and more dangerous than those of the ocean; 
because its waters, being extended in a basin 
which has but an inconsiderable outlet, move. 


See Voyage du Levant de Tournefort, vol. ii. p. las 
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when agitated, in whirlpools, which beat upon 
all sides of a vessel tvith an insupportable vio- 
lence*. 

After the Black Sea, the greatest lake in the 
world is the Caspian Sea, which extends from 
south to north about 300 leagues, and its mean 
breadth exceeds not fifty. This lake receives the 
Wolga, besides several other considerable rivers, 
as the Kur, the Faie, and the Gempo. But, 
whs^t is singular, it receives not one river from 
the east coast ; the country on that side is a sandy 
desert, which remained, till lately, altogether 
unknown. The Czar Peter I. sent engineers to 
make a chart of the Caspian Sea. It had been 
represented as round by former geographers; 
but it is very long and very narrow. Its east- 
ern coast, and the neighbouring country, w,ere 
entirely unknown ; even Lake Aral, which is 
about 100 leagues cast of the Caspian, w’as 
either not known to exist, or was considered as 
a part of this sea. Thus, before the discoveries 
of the Czar, there was in this region an un- 
known country of 300 leagues in length, and 
100 or 130 in breadth. Lake Aral is nearly 
oblong, and about ninety or 100 leagues long, and 
fifty or sixty broad. It receives the Sideroias and 
the Qxus, two large rivers; but, like the Cas- 
pian, it has no outlet for diseharging Us waters; 
and, as the Caspian receives no rivers from the 
cast. Lake Aral, on the contrary, receives pone 


*" S«'e Voyages He Chanliny p. 
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from the west. Hence, it is presumable, that 
these two formerly constituted but one lakej 
and the rivers being gradually choked up, the 
country between them would necessarily be co- 
vered with sand. There are some small islands in 
the Caspian j and its waters are much fresher than 
those of the ocean. Storms, in this sea, are ex- 
ceedingly dangerous^ and it aftbrds not navi- 
gation to large vessels, on account ' of shoals, 
sand-banks, and rocks concealed under the .sur- 
face. " The largest vessels employed on the 
Caspian,” says Pietro della Valle*, “ along the 
coasts of the province of Muzanda in Pereia, 
where stands the town of Ferhabad, although 
they be called ships, are no better than our tar- 
tanes: their sides are high ; they draw little water, 
and are flat bottomed. They are built of this 
construction, not only because the sea is shal- 
low near the coasts, but because it is full of 
shoals and sand-banks ; so that no other vessels 
could be used with safety. I was surprised to 
see no fishing carried on at Ferhabad, except 
salmons at the mouth of the river, a bad kind 
of sturgeon, and other fresh water fishes of no 
value. I attributed this to their ignorance of 
navigation and of the art of fishing, till 1 was 
informed by the Cham of Estcrabad, that this 
Sea, at the distance of twenty or thirty miles 
from the shore, is so shallow, that nets could not 
be used with advarttagej and that the same rea- 


* Tom. iii. p. 235. 
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son accounted for tlie construction of their vessels, 
which carry no cannon, because the Caspian is 
not infested with pirates.” 

Struys, Avril, and others, adirin, that, in the 
neighbourhood of Kilan, there are two gulfs, 
which swallow up the waters of the Caspian, and 
carry them, by subterraneous passages, into the 
Persic Gulf. De Fer, and other geographer, 
have laid 'down these gulfs in their maps, though 
we, are assured by the Czar’s envoys, that they 
have no existence*. The fact, with regard to 
the willow leaves found on the Persic Gulf, and 
which are alleged by the same authors to be 
transported from the Caspian Sea, because no 
willows grow near the Persic Gulf, appears to 
be equally improbable, as the subterraneous pas- 
sages which Gemelli Careri, as well as^ tlie 
Russians, maintain to be altogether imaginary. 
Besides, the Caspian is about a third Jess than the 
Black Sea, which last also receives more water 
by rivers ; evaporation, therefore, is alone suffi- 
cient to carry olF all its adventitious waters, with- 
out the assistance of imaginary gulfs or subter- 
raneous passages. 

To what was advanced in order to prove, that 
the Caspian Sea is only a lake, and never had 
any communication with tlie ocean, I have to add 
the answers I received from the Academy of Pe- 
tersburg to some queries I transmitted them con- 
cerning this sea. * 

" Augusto 1748, October 5, &c. Cancellaria 

* See Mem. de 1* Acad, des Sciences, eon. 1721. 
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Academiae Scientiarum mandavit, ut Astraclia- 
nensis Gubernii Cancellaria responderet ad se- 
*qaentia. 1. Suntne vortices in mari Caspico 
necne? 3. Quse genera piscium illud inhabi* 
tant? Quomodo appeliantur, et an marini 
tantum aut et fluviatiles ibidem reperiantur? 
9. Qaalia genera concharum? Q.uae species 
ostrearum et cancrorum occurrunt? 4. Q.uaa 
genera marinarum avium in' ipso man aut circa 
illud versantur? ad quse Astracbensis Canpeb 
laria d. 19. Mart. 1 74.9, sequcntibus respondit. 

Ad 1. in mari Caspico vortices occurrunt 
nusquam j bine est quod ncc in mappis marinis 
extant, nec ab ullo ollicialium rei navalis visi 
esse perbibentur. 

** Ad 3. pisces Caspinum mare inhabitant; 
Acipenseres, Sturioli, Gmel, Siruli, Cyprini cla* 
vati, Bramse, Percae, Cyprini ventre acuto, ig> 
noti alibi pisces, Tincse, Salmones, qui, ut e 
mari fluvios intrare, ita et in mare e duviis 
remeare solent ; 

** Ad 9. Conebae in littoribiis marls obvise qui- 
dem sunt, sed parvae, candidse, aut ex una parte 
rubrae. Caincri ad littora observantur magni- 
tudine fluviatilibns similes; Ostreae autem et 
capita Medusas visa sunt nusquam. 

“ Ad 4. aves marinae quae circa mare Cas- 
pium versantur sunt Anseres vulgares et rubri. 
Pelican!, Cygni, Anates rubrse et nigricantes, 
Aquilae, Corvi aquatici, Grues, Plateae, Ardeae 
albae, cinereae, et nigricantes, Ciconiae albae 
gruibus similes, Karawaiki (ignotum avisnomen) 
larorum variae species, Sturni oigri et lateribus 
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albis instar picarum, Physianl, Anscres parvi ni- 
gricantes, Tudaki (ignotiim avis uoinen) albo 
colore praediti.” 

These facts, which are both accurate and an- 
thentic, confirm my position, that the Caspian 
Sea has no subterraneous communication with 
the ocean. They prove farther, that this sea 
never formed a part of the ocean ; for it contains 
neither oysters nor any other sea shells, but such 
speqies only as are found in rivers. We are, 
therefore, warranted to conclude, that this sea 
is nothing but a great lake formed by the waters 
of rivers, since we find in it the same fishes and 
the same sliells which inhabit the rivers, and 
none of trose which people the ocean or the 
Mediterranean. 

There are lakes or seas, which neither receive 
nor discharge rivers; there are others which both 
receive and discharge, and others which only 
receive. The Caspian, Lake Aral, and the 
Dead Sea, are of the last kind: in Asia Minor, 
there is a small lake of the same species: there 
is another still larger in Persia, upon which the 
city of Marago is situated: it is of an oval 
figure, and about ten or twelve leagues long, and 
six or seven broad : it receives the Tauris, which’ 
is not a very considerable river. If to these we 
add a small lake of the same nature in Greece, 
twelve or fifteen leagues from Lepanto, we have 
an enumeration of all the known lakes in Asia 
which belong to this species. In Europe, there 
is not a single one of any consideratibu. There 
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are several small lakes of this kind in Africa, as 
those which receive the rivere Ghir, Zez, Tou- 
guedot, and Tasilet. These four lakes lie at 
no great distance from one another, and are 
situated on the frontiers of Barbary, near the 
desert of Zaara. There is another in the pro- 
vince of Kovar, which receives the river that runs 
through the country of Berdoa. In North Ame- 
rica, which abounds with lakes, there are none 
of this kind, except two small- collections of 
water formed by brooks, the one near Guati- 
mapo, and the other some leagues from Real- 
nuevo, both in Mexico. But in Peru there are 
tw’O contiguous lakes, one of which, Lake Tati- 
caca, is very large, and receives a ^er which 
ri“cs near Cusco; but it gives rise to no river. 
There is a small lake in Tucuman, which re- 
ceives the river Salta; another, in the same 
country, of greater extent, receives the Santiago; 
and three or four between Tucuman and Chili. 

Those lakes, which neither receive nor give 
rise to any river, are more numerous than the 
kind just mentioned. They are a species of 
swamps, which collect the rain water; or, they 
may originate from subterraneous waters that 
issue in the form of springs in low grounds, 
from which there is no fall to carry them off. 
Those rivers that overflow may also leave stag- 
nating waters upon the land, which remain a 
considerable time, and are occaskmally recruited 
by subsequent inundations. Salt lakes may 
sometimes be produced by inundations from the 
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sea, as that at Harlem, and several others, in 
Holland, to which no other origin can be as- 
cribed. The sea, likewise, by abandoning cer- 
tain lands, may have left lakes in the low grounds 
of particular countries, and which continue to 
be maintained by the rains. Of this kind, there 
are small lakes in Europe, as in Ireland, in Jut- 
land, in Italy, in the country of the Orisons, in 
Poland, in Muscovy, in Finland, and in Greece: 
but, all these are of little consideration. In 
Asia, near the Euphrates, in the desert of Irac, 
there is one above fifteen leagues long; another in 
Persia, nearly of the same extent, upon which 
are situated the towns of Kelat, Tetuan, Vastan, 
and Van; a small one in Chorazan, near Fer- 
rior; another in Independent Tartary, called 
Lake Levi; two in Muscovite Tartary; one in 
€k)chinchina; and, in fine, a pretty large one 
not far from Nankin. This last, however, 
communicates with the neighbouring sea by a 
canal of considerable extent. In Africa, there 
is a small lake of this species in the kingdom of 
Morocco; another near Alexandria, which ap- 
pears to have been left by the sea; another, eight 
or ten leagues long, formed by the rain water, 
in the desert of Azarad, about the thirtieth de- 
gree of latitude; another, still larger, upon which 
is situated the town of Gaoga, under the twenty- 
seventh degree; another, but much smaller, near 
the town of Kanum, under the thirtieth degree; 
one near the mouth of the river Gambia; several 
others in Congo, about the second or third de- 
gree of south latitude; two ot Iters in the country 
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of theCafTres; one of them, called Lake Rufumbo, 
is not very extensive; and the other, which lies 
in the province of Arbuta, is perhaps the largest 
of this kind, being about twenty-five leagues 
long, and seven or eight broad : there is likewise 
one of these lakes near the east coast of Mada- 
gascar, about the twenty-ninth degree of south 
latitude. 

In America, there is one of these lakes situ- 
ated in the middle of the peninsula of Florida, 
which has an island called Serrope in its centre. 
The lake near the town of Mexico, which is 
round, and about ten leagues in diameter, belongs 
likewise to this species. There is another still 
more extensive in New Spain, about twenty-five 
leagues from the eastern coast of the bay of 
Caropeachy; and another, of smaller dimen- 
sions in the same country, near the coast of the 
South Sea. Some travellers have affirmed, that, 
in the interior parts of Guiana, there is a very 
large lake of this species, which they call Golden 
Lake, or Lake Parima*, and they have given 
marvellous accounts of the riches of the' neigh- 
bouring country, and of the great quantities of 
gold dust found in this lake, which they allege 
to be more than 400 leagues in length, and 
above 125 in breadth: no river, it is said, either 
enters into or issues from it. Though this lake 
be laid down in several maps, its existence is still 
problematical. 

But the most common and the most extensive 
lakes are those which both receive and give rise 
to rivers: as they are exceedingly numerous, I 
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shall only mention the largest, or the most re- 
markable of them. Beginning with Europe, 
we have, in Switzerland, the lake of Geneva, 
that of Constance, &c. In Hungary, Lake Ba- 
laton, and another, of equal extent, in Livonia, 
which separates this province from Russia: Lake 
Lapwert in Finland, which is very long, and 
divides into several branches, and Lake Oula, 
which is of a circular figure: in Muscovy, Lake 
Ladoga, which is more than twenty-five leagues 
long, and above twelve broad; Lake Onega, 
which is e<|ually long, but not so broad; Lake 
Ilmen; Lake Belozero, which is one of the 
sources of the Wolga; Lake Iwan-Osero, which 
is one of the sources of the Don; and two other 
lakes, from which the river Vitzogda derives its 
origin: in Lapland, the lake from which issuesibe 
river Kimi; another, much laiger, and situated 
near the coast of Wardhus; and several others 
of less note, which give rise to the rivers Lula, 
Pitba, and Uma: in Norway, two lakes nearly 
of the same dimensions with those of Lapland: 
in Sweden, Lake Vener, which is as large as 
Lake Meller, upon which Stockholm is situated; 
and two less considerable, one n^ar Elvedal, and 
the other near Lincopin. 

In Siberia and in Muscovite and Independent 
Tartary, there are a greAt number of these lakes, 
of which the principal are, the great Lake Ba- 
raba, which is more than 100 leagues long, and 
the waters of which fall into the Irtis; the great 
Lake Estraguel, the source of the Irtis; several 
lesser ones, the sources of the Jenisca; the great 
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Lake Kita, the source of the Oby; another great 
lake, the source of the Angara; Lake Baical, 
which is more than seventy leagues long, and is 
formed by the river Angara; and Lake Pehu, 
the source of the Urack, &c. In China and 
Chinese Tartary, we have Lake Dalai, the source 
of the gfeat river Argus, which falls into the 
Amour; the lake of the Three Mountains, the 
source of the river Helum, which falls likewise 
into the Amour; the lakes of Cinhal, Cok^ior, 
and Sorama, the sources of the river Hoamho; 
two large lakes in the neighbourhood of Nankin, 
&c. In Tonquin is the Guadag, a lake of con- 
siderable magnitude. In India, we have Lake 
Chiamat, which is the source of the river Laquia, 
and lies near the sources of the Ava, the Lon- 
geou, &c. This lake is more than fifty leagues 
long, and about forty broad. The source of the 
Ganges is another lake; and one near Cashmire 
gives rise to the Indus, &c. 

In Africa, there are Lake Cayar, and two or 
three others, near the mouth of the Senegal; 
Lake Guarda, and Lake Sigismus, which, toge- 
ther, make a triangular lake of 100 leagues long 
and 7^ broad, and contain a considerable island. 
It is in this lake that the Niger loses its name, 
and, at its exit, assumes that of Senegal. In 
ascending towards the course of this river, we 
meet with another pretty large lake called Bour- 
nou, where the Niger again changes its name ; 
fi>r the river that falls into this lake is called 
Gombaru. At the sources of the Nile in Ethi- 
opia, is th^ great Lake Gambia, which is above 
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fifty leagues long. On the coast of Guiney are 
also several lakes, which appear to have been 
originally formed by the sea ; and tliere are few 
others in Africa of any note. 

North America is the country of lakes. The 
most extensive of them are. Lake Superior, which 
is about \%5 leagues long, and fifty broad ; Lake 
Huron, which is near 100 leagues in length, and 
about forty in breadth ; Lake lllionois, which, 
comprehending the bay of Puants, is nearly as 
extensive as Lake Huron ; Lake Erie and Lake 
Ontario, which, together, exceed eighty leagues 
in length, by twenty or twenty-five in breadth j 
Lake Mistasin, to the north of Quebec, is about 
fifty leagues long : Lake Champlain, to the south 
of Quebec, is nearly of equal length j Lake Ale- 
mipigon, and Lake Christinaux, both to the north 
of Lake Superior, are likewise considerable j the 
lake of Assiniboils contains several islands, and is 
more than seventy-five leagues long : besides the 
Mexican Gulf, there are two considerable lakes 
in that country ; that called Nicaragua, in the 
province of the same name, is about seventy 
leagues in length. 

Lastly, in South America, there is a small 
lake, the source of the Maragnon. A more ex- 
tensive one gives rise to the river Paraguay: 
there are, besides Lake Titicares, the waters of 
which fall into the river Plata two lesser ones, 
which discharge their waters'into the same river ; 
and some inconsiderable ones in the interior parts 
of Chili. 

All lakes that give rise to rivers, and all those 
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which occur in the course of rivers, or vVhicfl 
border upon and discharge their waters into 
rivers, are not salt. Almost all those, on the 
contrary, which receive rivers, but give rise to 
none, are salt. Tliis circumstance seems to fa- 
vour the opinion, that the saltness of the sea is 
occasioned by suits brought down from the land 
by the rivers ; for we find that salt does not evapo- 
rate ; and, of course, all that is transported by 
the rivers remains, in the sea: although the water 
of rivers appears to be fresh, it is well known, that 
it contains a small quantity of salt, which, in the 
course of ages, might accumulate to such a -de- 
gree as would be sufficient to producq the pre- 
sent saltness of the sea, which must be continu- 
ally augmenting. It is in this manner, I pre- 
sunje, that the Caspian, Lake Aral, and the 
Black Sea, have become salt.' With regard to 
those seas, which, like marshes, or swamps, nei- 
ther receive nor discharge rivers, they are either 
salt or fresh according to their origin. Those in 
the neighbourhood of the sea are commonly salt ; 
and those at a distance from it are fresh; be- 
cause the former have originated from inunda- 
tions of the sea, and the latter from fresh foun- 
tains. 

In the country of the Ufian Tartars, so called, 
because they inhabit the banks of the river' Uf, 
there are, M. Pallas remarks, lakes, the waters 
of which were formerly fresh, and are now salt. 
He makes the same remark concerning a lake 
near Miacs. 

One of the lakes most famous for the quan- 
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tity of salt extracted from it, is that near the 
banks of the ri?er Isel, called Son^hya. The 
■alt of it) in general, is bitter, and employed 
by the physicians as a good purgative. Two 
ounces of this salt make a very strong dose. Near 
Kurtenegk:b, the shoals are covered with a bitter 
salt, which riseS) like a field of snoW) to the height 
of two inches. The lake Koigackof furnishes an* 
iiually three hundred thousand cubic feet of 
salt*. Lake Jennii likewise furnishes a great 
quantity. 

In the voyages performed under the auspices 
of the Academy of Petersburg, mention is made 
of the salt lake of Jamuscha in Siberia. This 
lake, which is nearly round, is only about nine 
leagues in circumference. Its margins are co- 
vered with salt, and the bottom is clothed pritb 
crjrstals of saltt The water is extremely salt} 
and, when the sun shines, it appears reddish, like 
the sky in a fine morning. The salt is as white 
as snow7 and forms itself into cubic crystals. The 
quantity of it is so immense, that a number of 
vessels>may, in a short time, be loaded with it } 
and, after it has been removed, it is again re- 
placed in five or six days. • It is sufficient to re- 
mark, that it supplies the provinces of Tolxddu 
and Jeniseik, and that this lake could supply 
fifty provinces of similar extent. The comm^ce 
of this, as well as all other salt, is reserved in 
the hands of the crown. Ttris salt is exceedingly; 


* Ths cubic foot weighs thirty-fire pounds, esch of risteen 
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|;ood. It surpasses ali others in whiteness, and 
none is more proper for curing meat. In the 
south of Asia, there are likewise salt lakes, one 
near the Euphrates, and another in the neigh' 
bourhood of Barra. There are others, it is said, 
hear Halet^ and sd Lameca in the island of Cy- 
prus. This last borders upon the sea. The salt 
Talley of Barra, being at no great distance from 
the Euphrates, might be worked, if its waters 
were made to run into this river, and if the e^rth 
was good: but at present this earth yields a good 
salt for the kitchen, and even in such quantity 
that the Bengal vessels, when returning in ballast, 
take in loadings this salt 

The waters of the Dead Sea contsun a great 
deal of the bitumen of Judea, which is nothing 
but asphaltes ; and, accordingly, this sea is often 
termed the Asphidtic Lake. < The neighbouring 
land is impregnated with this bitumen: and 
many have imagined, that, like the Lake Aver- 
BUS, no fishes could live in it, and that birds were 
suffocated in attempting to fly over it. But such 
dismal effects are produced by neither of these 
lakes; for both of them contain fishes, the birds 
fly ove^ them in safety, and men bathe in them 
with impunity. 

It is. said, that, in Bohemia, there is a lake, 
'wlnoh has boles in it so deep, that they cannot 
be soimded, and that, fiom these hdes, there imue 
irioleBt winds, whic!h sweep over all Bohemia, 
and, in winter, raise into the air masses of ice 


• Oescript. de l'And:is, >par M. Niebuhr, p. 2. 
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of more than 100 pounds weight*. We are 
likewise told of a petrifying lake in Iceland j and 
Lake Neagh in Ireland possesses the stune qua- 
lity. But these petrifications are, doubtless, no- 
thing but incrustations similar to tliose product 
by the waters at Arcueil. 

* See 'Act Leipt. anno 1682, p. 246. 
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ARTICLE XII. 

Of the Tides. 

Water, Uke other fluids, naturally descends 
from the higher to the lower grounds; if not pre- 
Tented by some interposed obstacle ; and, after 
it has occupied the lowest situation, it remains 
smooth and tranquil, unless disturbed by some 
foreign cause. All the waters of the ocean are 
collected in the lowert places upon the surflice sA 
the earth) and hence the motions of the sea must 
proceed fiom extomal causes. The chief motion 
ia that of the tides, wludi rise and &11 alter* 
natdy, and from wUeh resalts a general and per< 
petnil laotion, in att sea^ ftom east to west. 
These tyro motiera Rare an invariable relatimi to 
1km motions of the'moon. During the foil and 
nent^mcoM, tiiismotion fhlm east to west is most 
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remarkable, as well as that of the tides, which 
ebb and flow, upon most coasts, every flf hours : 
it is always high tide when the moon arrives at 
the meridian, either above or below the horizon 
of the place ; and it is always ebb or low tide 
when the moon is at the greatest distance from 
the meridian, or when it rises and sets. The mo> 
tion from east to west is perpetual; because, 
when the tide is rising, the whole ocean moves 
fiopi east to west, and pnshes westwanl an im- 
mense body of water ; and the ebbing, or reflmc, 
appears only to be owing to the smaller quan- 
tity of water which is then impelled towards the 
west. The flux, therefore, ought rather to be 
regarded as a swelling, and the reflux as the sub- 
siding of the waters, which, in place of disturb- 
. ing the motion from east to west, is the cause that 
produces and renders it perpetual; though this 
motion, for the reason already mentioned, is 
greater during the flux than the reflux. 

This motion is attended with the following cir- 
cumstances: 

1st, It is, more sensible at the foil and* new 
moon than at the qoadraHires; it is likewise more 
violent in spring anlumn than in any othar 
seaiw; and it is Weakecn at ^ sohtioes. This 
pbsuoBMmOB'is oceanoond by the combined at- 
tractions of the mo<Mii.aod sma 

Sd, The directioit^ and quantity of tlnamo^Qis 
is <dteii varied eqteoiuUy Sooh*as 

blow constantly fimhi same*qaartse. 'Great 

rivaw, in lUce<ttamier, by disohargiog their water 
into the sea, produce ourrents which often .extend 
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8($veral leagues, and ai^ strongest when the dirao- 
tion of the wind ovresponds with the general 
motion. CK this an example is afforded in the 
Pacific Ocean, where the modea ihmi east to 
west is constant, and very perceptible. 

' dd. It is worthy of remark, that, when <Mie 
part of a fluid is moved, the motion is omnmunU 
cated to the whole i daring the tidm, therefore, a 
great part of the ocean is ^nbly pnt in motion ; 
^d, consbquently, the whole ocean, from snrfiafo 
to bottom, is moved at the same time, 

To render this more clear, let us attend to the 
causes Which prodoce the tides. We formerly 
remarked, that the moon acted upon ihe earth 
by a force which some call attraction, and others 
gravityi This force penetrates ' the whole globe, 
is exactly proportion^ to the quantity of matter,* 
and decreases as the^ squares vff tlw distandite 
increase, let ub next eimmioe what ^Rrota this 
force must produce upon the waters, when the 
moon comes to the merlMan cf any {^ce. The 
surface of the water imm^iately under the moon 
is then nearer that {flanet than any other part of 
the earth f 'of coune, > that fmrt' of the sea must 
be derated towards the moon, and abe summit 
nC this eminence must be oppbsHe to the moon’s 
centre. ' prudifoe’tMe emmencei -the 
upon the surfoce, at wdlas ihMwwt the bottom, 
eofttribute flidr ihalWy iwpiepCRh^ te fodr dis> 
fonces fr<MS«tti(rnio^, wbhtti aetirwponthem in 
the ^veiaa ratio of the wpiafesbftiicir distances. 
/Hbaa the sovfrNMi ’Of tlda part of (the sea is first 
etevatedi the i^orfoce tff >tbe ac^acent parfo is 
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lil^ifle elevated, bat m a smail^ degree; and 
the waters at the bottom all these plats are 
raised by the same cause. Hence, as the whole 
portion of water under the moon is raised, the 
waters at a distance, upon which no attraction is 
exerted, must necessarily rush forward with pre* 
cipitation to supply the place of those which are 
elevated, or drawn towards the moon. It is in 
thi% manner that the flux, or high tide, is pro- 
duoed, which is more or less sensible on different 
coasts, and which agitates the sea not only at 
the surface, but at . the greatest depths. The re- 
flos, or ebb, is a consequence of the natural dis- 
position of the water, which, when no longer 
acted upon by the moon, subsides, mid returns 
to opcupy those shores from which it had been 
forced to retire by a foreign power. The <88090 
affect is produced when the moon anives at the 
antipode, or opposite merictian, but for a dif- 
ferent reason : in the first case, the waters rise, 
because they are nearm* the moon than any other 
part of 'the globe; and in the second, tb^ lise, 
becuise the moon is ait the greatest disCande 
from them,! It is easy to perceive that the effect 
must be the sanoe; for, the sraters here beii^ 
less attracted than those of tlie opposite hemt- 
sphev^ they will neoessarily veoede, and fiirm an 
eminenoe, the h%hest point of wbkfo will be 
where. ^ attraction isdeast, that M,'hi<the meri- 
dian opposite to the moon’s 'Station, ^ ' to the 
pkoe where she was thkheen boars before. 
When the moon comes to the bcwizon, the tide 
is ebb, and the'sea b in Us natural state of equi;> 
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libriam. But when the is in the opposite meri* 
dian, this eqailibrium cannot exist; for the wa> 
ters, at the place oppcsite to the moon, bemg 
then at their great distance from her, they are 
less attracted than the rest of the globe; and 
hence their relative gravity, by which they are 
constantly kept in equilibrium, pushes them to* 
wards the point opposite to the moon, in order 
to preserve this equilibrium. Thus/ in Jsoth 
cases, when the moon is in the meridian of a 
place, or in the opposite m^idian, the waters 
must be elevated nearly to the same height ; and, 
consequently, they must ebb or flow bfu;k when 
the moon is in the horizon, either at her rising 
or setting. A -motion, such as we have de- 
scribed, necessarily agitates the whole mass of 
the ocean, from its surfrme to its bottom ; and, 
as the bottom is less affected by winds than the 
surfitce, the morion produced in the former, by 
the rides. Is more regular and uniform. 

Erom this alternate ebbing and flowing, there 
results, as already remarked, a constant motum 
of the sea from -east to west; for the moon, which 
is the cause of the tides, moves from east to west, 
and, by acting successively in this dhseetktn, she 
draws the waters after her. This metian is most 
pero^iUe in straits. At the straits of Magel- 
lan,*for examide, the rides rise near twenty feet, 
and tb^ crmtimie at (ihis bright six hours; but 
the reflux, pr ebbifig, lasts only two hours; and 
the waters ran to the west*. This incontettit)^ 


* Ses'Nsfbonmgli's VojmifM. 
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proves, that the leflax- is not equfJ to the flux, 
.and that, firom both there results a motion io the 
wesli which is stronger during the flux than the 
reflmc; It is for this re^n, that, in open seas, 
at great distances from land, the tides are only 
rendered perceptible by this j^eral current of 
the waters from east to west. 

The tides are much higher between the tropics 
than in any other part of the ocean. They 
likewise rise higher in places that stretch from 
east to west, in long and narrow bays, and upon 
coasts which , are ihtemijded with islands and 
promontories. The. highest known tides take 
place at one of the mouths of the Indus, where 
they rise< thirty feet perpencUcuIar. . They have 
also a remarkatde elevation at Midaya, in the 
strsuts of Sanda, in the Red Sea, in Nelson’s J^y, 
at the mouth of the river St. Lawrence, u^on tte 
coasts of China nnd Japan, at Panama,' in the 
giilf of Bengal, Icc. 

The sea’s motion, from east to west, is most 
observ^le in particular places. Voy^ers have 
often remacked it in saUing from li^ia to Ma- 
dagascarand Africa. It moves also with eonai> 
derable folue in the Pacific Ocean, and between 
the Mokiccm and Bragil : bat it is most violent 
in \,straits: the watera are oairied from eart tp 
wert, thvM^h the etmits! ^^iMagellan, ft>r esE- 
ample,.wtth such rapidity,; that; their motiow is 
pesoe{if^e,<at a gsealsdistance, in> die Atlantic 
Ocean, it was^this ciroiimstance,it is said) that 
made Magellan conjecture that a strait existed 
by which there was >acmaDaM)Bieation . with the 
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bvo seas. In the straite formed bj the ManUhu, 
in the clumneb between tba Maldiva islands, and. 
in the gulf of Mexico, between Cuba and Jncw* 
tan, there is a constant current from east to west. 
This motion, in the gulf of Paria, is so violent, 
that its strait is called the Dragon’s Mouth. It 
is likewise violent in the sea of Cmada, in that 
of Tartary, and in Waigat’s Straits, through 
which it forces enormous masses of ice into the 
northern seas. The Pacific Ocean runs from jeast 
to west through the straits of Japan ; the sea of 
Japan runs towards China } and the Indian 
Ocean runs westward through the struts of Java, 
and other isluids of India. It is^ therefi>re, evi* 
dent, that the sea has a general and uniform 
motion from east to west} and, it iscotain, that 
the Atlantic runs towards America, and that the 
Pacific Ocean flies from it, as is apparent at Cape 
Current between Lima and Panama*. 

In fine, the tides rise and fall alternately in 
six hours and a half upon moat coasts, though 
tbqr happen at different hmirs, according to the 
cHmate and the position of particular lands. 
Thus the coasts of the sea are pei|ietaidty< beat 
by the waves; and each tide carries off from the 
higher grounds small rpiantides of matter, and 
deposits them, at a distance, on the bottoiii of 
the ocean. In the samamanner,* each tide car- 
ries in, imd dqposita upon low eoasts, sand, 
sbelli^ and other sha bodies, which gradnaUy 
form boriaontal stnta, and give sue to dowm. 


* Am Vases. Geeg. p. i W. 
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and little hitts, iimilar to other hills, both 
in figure and internal structure. Thus the 
sea is constantly eocroacbing upon high coasts, 
end lcsing> ground upon those that are low ; and 
ttiese effects are produced by the tides, and by 
violent winds. 

To give an idea of the violent effects of a 
Sttmny sea against a high coast, I shall relate, a 
fact attested by an eye witness, a person worthy 
of the highest credit. In the largest of the Ork-> 
ney islands, there are coasts composed of solid 
ro^, above 300 feet'faigh, and nearly perpendU 
cular to the surfece of the water. The tides, as 
is usual in' istands and promontories, rise very 
high at this place. But,* when a viblent wind 
concurs with the fiow of the tide, the agitatbn 
of the Waters is so greatt that they offeiv vise 
above these MOfcs, and fall down in the form of 
rain: nay, to this amaaing hei^t, gravel, and 
stones as Iwge as a man’s fist, are raised from 
tbefoot of the rockr. • 

I mysdf saw,> in the poi^ of ILeghoro, where 
the sea is* much Hiore4rRnquil, a tempest in De< 
cember ITSt, Which oMiged the mariners to cut 
.off the masts of thehr vessels^ that were driven, 
by the violemse of the wind, fiom their anchors 
in the road ; the waters of the sea surmounted 
foftifieatioiw of a great height} and, as I was 
open one of the most advoflced works,' before 1 
could reach the town, I was toniore drenched 
with. sea water than I coaid have beep by the 
heaviest rain. 

' These examples may convey a notion of ttio 
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violeace with which the sea acts agaanst partial* 
lar coasts. This constant agitation gradually 
wears*, corrodes, excavates, and dinuniriies the 
quantity of the land. All these materials are 
transported and deposited in places where the sea 
is more tranquil. In the time of htorms the water 
is foul and muddy, by the admixture of matters 
detached from the coasts and from the botton 
of the sea. These bodies, which are veiy vari- 
ous, and carried from great distances, ue thiyiwn 
upon the low shores, especially idler tempests, 
as ambergris on the west of Irdmnd, yellow am- 
ber upon the coasts Pomoania, cocoas upon 
the coast of India, &o., and sometimes pumice 
and otheresingular st6nes» Qn this occasion we 
may quote a passage from the New Voyages to 
the islands of America. ** When at St. Domingo,” 
says the author, I was presented, among other 
things, with some light stones, faiought in by 
the sea in high south winds: scsne of them 
were two and a half feet joo|^ eighteen inches 
broad, and about a foot thick} and yet tiiey 
weighed not above five pounds. T3iey were as 
white as snow, balder than puauce, efn fine-gmin, 
aoAappeared not to he porous. When, how- 
ever, they were thrown into water, they re- 

* W« ure tsU b; Shna W his Travela tka^ HI 
M the Slid .Fboaicia, tint mciobsd bvmimt, 

by dw SBcienti, into tioaghi of two or jAroe *>‘4 

broad in proportion, for the purpoM of nuking ealt by erapo- 
ration. But HoMhbiUiiding tWbanin^bftlw roSke, tbMe 
noogbe are now almost totally obliterated by the agitatiMi of 
^ warn. 
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bounded like a foot>bail thrown against the 
ground. It was difficult to force them under 
water with the hand. I inclosed two of these 
stones with ^in boards, and found that they 
bore 160 pounds without sinking. They served 
my- negro for a shallop, on which he diverted 
himself in sailing about the quay*.*’ This 
stone must have been a pumice of a dose fine 
grain, which had been transported by the sea 
front the neighbourhood of some volcano, in the 
same manner as ambeigrts, cocoas, common pu- 
mice, the seeds of plants, reeds. See., are trans- 
ported. It is chiefly on the coasts of Ireland 
and' of Scotland that observations of this kind 
have been made. The sea, by its general mo- 
tion from east to west, ought to carry to Ame^ 
rica Uie productions of our coasts; and it must 
be by the operation of some irregular move- 
ments, that the productions of the East and West 
Indies, and of the northern regions, are brought 
upon our coasts. The winds are probably the 
cause of these efiects. In open seas, and at great 
distances from land, large portions of the water 
have been .seen totally covered -with pumice- 
stones. They could only come from vdeatMdt 
in islands, or on the continent j and they have 
probsfoly been transported to the open seas by 
currents. Before the south part of America was 
discovned, and when it was not b^eved that 
the Indian Ocean had any cbmmunication with 
ours, appeanmees of this kind first gave rise to 
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the suspicion that such a communicalaon Whs liot 
iinpossible. 

The alternate motion of the tidesi and the 
uniform motion the sea from east to west» 
exhibit different appearances in 'different cli'< 
mates, according to the various indentations in 
the land, and the height of the coasts. In some 
places, the motion from east to west is not per- 
ceptible} at others, it moves in a contrary direc- 
tion, as on the coast of Guinea. But these con- 
trary motions are occasioned by the winds, by 
the position of the land, by the waters of gr^at 
rivers, and by the disposition of the bottom of 
the sea< All these causes produce currents, 
which often change the direction of the general 
movement. But, as this motion from east to 
westl is the greater, most general, and constant, 
it ought to produce the most signal effects; and, 
tipcsk the whole, the sea must grftdually gain 
ground on the west, and lose it on the east ; and 
although, upon coasts where the west wind 
blows during the greatest part of the year, as in 
Trance and Britain, the sea may gain land on 
tile east, yet these exceptions destroy not the 
•ffiet of tlm gaieral cause. 
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ARTICLE Xm. 

0/ Inequalities in the Bottom of the Sea, and <f 
Currents. 

The coasts of the sea may be divided into 
three kinds : 

1. High coasts, composed of hard rocks* coi^« 
monly perpendiCidar, and of a considerable de« 
T^ion, rising sometimes to the height id 700 or 
800 feet. 

ft. Low coasts, of which some are almost level 
with the sur&ce of the water, and others have a 
small elevation, and ttre often bordered mth rocks 
nearly of a levd with the water, which give rise 
to broAers, and render the approach of 8hips-«K> 
ceedingly dangeroos. 

9. Downs or coasts finmed by sand, rithe^ 
accumulated by the sea, or brouglri down and 
deposited by riverit these downe km. biU| 
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of more or less elevatioiii according to circam* 
stanceSi 

The coasts of Italy are lined with marble a^nd 
rocks of different species. These rocks appear 
at a distance like perpendicular pillars of marble. 
The coasts of France, from Brest to Bourdeaux, 
consist almost entirely of focks on a level with 
the sea, which occasion breakers. The coasts 
of Englabd, (ff Spain, and of many other places, 
are bordered with rocks and hard stones, except 
particular spots, which are employed as roads 
and harbours. 

The depth of the water along the coast is 
generally proportioned to its elevation; a high 
coast indicates a deep water; and, on low coasts, 
the water is commonly shallow. The inequa* 
lities at the bottom of the sea near the co^ts 
likewise correspond with the inequalities in the 
sur&ce of the ground along the shore. This 
subject is illustrated in the following manner by 
a celebrated voyager. 

1 have made it ray general observationy tbaty 
where the land is fenced with steep rocks and 
cliff] against the sea, there the sea is very deep, 
aod‘8eidera affords anchor^groundj and, on the 
other side, where the land ftlls away with a 
d^Hvity into the sea. (although the land be. 
eatraordinaiy high within), yet thme are com- 
nienljr good soundings, and, consequently, an- 
choring; and, as ‘the visible detdivity of the 
iMd iq>p«iips near, cur at dmedgo^of tbo water, 
whether pretty oteep, cw vnom siqpiag, so we; 

fifld'«#kr acmhor-gnMMid .to be nairo 
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or less deep or Steep; therefore we coihe nearer 
the shore, or anchor farther off, as we see 
convenient; for there is no coast in the world> 
that I know, or have heard of^ where th^ land 
is of a continued height, without some small 
valleys or declivities, which lie intermixed with 
the high land. They are the subsiding of val- . 
leys or low lands, that make dents in the ^ shore 
and creeks, small bays and harbours, or little 
cov^s, &c., which afford good anchoring, the 
surface of the earth being there lodged deep 
under water. Thus we find many good har- 
bours on such coasts, where the land bounds 
the sea with steep cliffs, by reason of the de- 
clivities, or subsiding of the land between these 
clilfe: but, where the declension from the hills 
or cliffs is not within land, between hill ^and 
hill, but as on the coast of Chili and Peru, the 
declivity is toward the main sea, or into it, the 
coast being perpendicular, or very steep from 
the neighbouring hills, as in thosip countries 
from the Andes, that run along the shore, 
there is a deep sea, and few or no harbours or 
creeks. All that coast is too steep for anchor- 
ing, and hath . the fewest roads fit for ships 
of any cpast 1 know. The coasts of Gallicia, 
Portugal, Norway, and Newfoundland, &;c., 
are coasts like the Peruvian, and the high 
'islands of the Archipelago; but yet not so 
scanty of good harbours; foV, where there are 
short ridges of land, there are good bays at 
the extremities of those ridges, where tb^ 
plunge into the sea; as on the coast of Ca-> 
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raccos, &c.' The island of Juan Fernandeav 
and the island of St. Helena, &c., are such high, 
land with deep shore: and, in general, the 
plunging of any land under water, seems to 
be in proportion to the rising, of its continuous 
part above water, more or less steep; and it 
. must be a bottom almost level, or very gently 
declining, that affords good anchoring, ships 
being. soon driven from their moormgs on a 
steep bank ; therefore, we never strive to , an- 
chor where we see the land high, and bounding 
the sea with steep cliffs; and, for this reason, 
when we came in sight of States-Island, near 
Terra del Fuego, before we entered into the 
South Seas, we did not so much as think of an- 
choring after we saw what land it was, because 
of the steep cliffs which appeared against the 
sea; yet there might be little harbours or coves 
for shallops, or the like, to anchor in, which 
we did not see, or search for. 

“ As high steep cliffs bounding on the sea 
have this ill consequence, that they seldom afford 
anchoring; so they have this benefit, that we 
can see them' far off, and sail close to them, 
without danger; for which reason we call 
them bold shores; whereas low land, on the 
contrary, is seen but a little wdy, and in many 
places we dare not come near it,' for fear of 
running a-ground before we see it. ' Besides,’ 
there are,, in many places, shoab thrown out 
by the course of great rivers, that from the low 
land fall into the sea. 

** This which 1 have said, that there is usually 
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gbod anchoring near lonr lands, may be illus- 
trated by several instances. • Thus, on the south 
side of the bay of Oatnpeadhy, there is mostly 
low land, and there also is good anchoring 
all ulong shore} and,' in some places to the 
eastward of the town of Campeachy^ We shall 
have so many fathoms as we are leagues off from 
land; that is, from nine to ten leagues distance^ 
till you borne within four leagues; and fh>m 
thence to land it grows but shallower; The 
bay of Honduras also is low land, and conti- 
nues mostly so, as we passed along from thence 
to the . coasts of Portobel, and Cartagena, till 
we came as high as Santa Martha ; ^ afterwards 
the land is low again, till you come towards 
the coast of Caraccos, which is a high coast 
and bold shore. The land about Surinam; ou 
the same coast, is low and good anchoring, and 
that over on the coast of Guiney is such also. 
And such, too, is the bay of Panama, where 
the pilot-bOpk orders the pilot always to soand> 
and not to come within such a deep> be it by 
night or day. In the same seas, from the high 
land of Gautimala in Mexico, to California, 
there is mostly low land and good anchoring. 
In the main of Asia, the coast of China, the 
bay of l^am and Bengal, and all the coast of 
Coromandel, and the coast about Malacca,- and 
against it the isliuid of Sumatra, on that side, 
are mostly low anchoring shores. But, on the 
west side of S^atrfb the shore is high and, 
bold; so most of the islands lying to the 
eastward of. l^uiBatr|i» >9 the Ulajjdft Borneo, . 

2'E 2 



420 OF INEQUALITIES IN THE 

Celebes, Gilolo, and abundance of islands of 
less note, Ijing scattered up and down tliose. 
seas, are low land, and have good anchoring 
about them; with many shoals scattered tovand 
fro among them; hut the is’ands lying against 
the East Indian Ocean, especially the west sides 
of them, are high land and steep, particulariy 
the west parts, not only of Sumatra, but also 
of Java, Timor, &c. Particulars are endless; 
but, in general, ’tis seldom but high shores pnd 
deep waters, and, on the other side, low land 
and shallow seas are found together*.’* 

It is, therefore, fully established by the obser- 
vations of navigators, that there are in the 
bottom of the sea considerable mountains and 
other inequalities. We are also assured by the 
testimony of divers; that there are smaller ine- 
qualities occasioned hy rocks, and that the cold 
is greatest in the hollows Or talleys. In general, 
as formerly remarked, the depths of open seas 
augment in proportion to their distance from the 
coasts. It appears, from M. Buache’s chart of 
that part of the ocean which lies between the 
coasts of Africa and America, and from the 
draughts he has given us of the sea from Cape 
Tagrin to Rio-grand, that the bottom of the 
ocean is as irregular as the sur&ce of the land; 
that abrolhos, where there are vigkst and where 
some of the rocks are on a level witli the water, 
are only, the tops Of large and high mountains, 
of which Dolphin Island is.one of the most ele- 


■0 Danpier’s Voya^ voL i. p. 4jl3<->425. 
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yated points; that the Cape de Verd. islands are 
likewise the tops of mountains; and that all 
round these abrolhos and islands, the deptk of 
the sea is unfathomable. 

With regard to the qualities of the different 
soils at the bottom of the seal, little can be said 
with precision, as all our knowledge is derived 
from sounding and from divers. We only 
know, that some places are covered with slime 
and, mud of a considerable thickness, in which 
anchors can have no hold: it is probable 
that, in these places, the mud is deposited by 
rivers. Other parts are covered with sand of 
different kinds, similar to those upon land. In 
others are heaps of shells, madrepores, corals, 
and other productions of insects, just beginning 
to unite and to assume the form of stones: iu 
others, we find fragments of stones, gravel, aiitl 
frequently stones and marbles completely formed. 
In the Maldiva islands, for example, they build 
their houses with a hard stone raised from some 
fathoms under water. At Marseilles, very good 
marble is raised from the bottom of the sen, 
which, instead of- wasting or destroying stones 
and marble, creates and preserves them: it is . 
the sun, the earth,, the air, and the rains, which 
alone corrupt and destroy these substances. 

The bottom of the sea must be composed of 
the same materials as the surface of the earth, 
since the very same substance, are found on. both. 
At the bottom of some parts of the ocean are 
vast collections of shells, madrepores, and corals ; 
and we find," upon land, numberless quarries, 
hanks of chalk, and of other substances, mixed 
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with the same shells, madrepores, and corals} so 
that, in every view, the dry parts of this' globe 
, resemble those covered with the waters, both in 
composition of materials, and in superficial iner 
qualities. 

M. L*Abb4 Dicquemare, a learned natural 
philosopher, has made some observations on 
this subject, which seem to accord with what 
J have advancedjn my Theory of the .Earth. 

** Conversations,” says the Abbe Dicquemare, 

with pilots of all languages, the perusal of charts 
and soundings both ancient and modern, the exf 
amination of such bodies as attach themselves to 
the plummet, the inspection of coasts, banks, and 
of the strata which compose the interior parts of 
the earth, to a depth nearly equal to the length 
of our common plumb-lines, some reflections 
which are most analogous to this subject, arising 
from physics, cosmography, and natural history } 
have made me suspect, nay, have even convinced 
me, that, in some places, there must be two dif- 
ferent bottoms, the one often covering the other 
at intervals: ^he ancient and permanent, which 
may be called the general bottom, and the other 
accidental or particular. The first, which ought 
to form the basis of a general picture, is the soil 
of the basin that contmns the sea. It is com- 
posed of the same strata which we every where 
find in the bowels of the earth, such as marl, 
stone, clay, sand, shells, all- disposed horizon- 
tally, and 'of ah equal thickness through a great 

^tent. Here, we find a bottom of 

marl: there,^.a bottom of clay, sand, or rock, 
l^tly, the number of general bottoms disco- 
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verable- by sounding exceeds not six or seven 
species. The most extensive and thickest of 
these strata, being uncovered, or* cut perpendi- 
cularly, form great spaces in the sea, where 
we ought to recognise the. general bottom, in- 
dependent of such foreign substances as may 
be deposited by currents or other causes. There 
are other permanent bodies which we have not 
hitherto ihentioned: these are those immense 
masses of madrepores and corals, which often 
cover a bottom of rock, and those enormous and 
extended banks of shells, which a rapid multi- 
plication or other causes have accumulated, and 
Which occur in different places, as it were in co- 
lonies. One species occupies a certain extent; 
the succeeding space is occupied by another spe- 
cies, in the same manner as has been remarked 
with regard to fossil shells, in a great part of 
Europe, and perhaps every where else. It is 
by observations on the interior parts of earth, and 
on such places as the sea leaves uncovered, . 
where we always see particular species reign- 
ing over certain districts, that we .have been 
enabled to form some idea of fhe prodigious 
number of individuals, and of the thickness 
pf the banks at the bottom of the sea, of which 
we can only know the surface by our sound- 
ings. 

The accidental or particular bottom is 
composed of immense numbers of the prickles 
of the sea urchin j of fragments of shells, some- - 
times corrupted; of crustaceous animals; of 
madrepores; of sea plants; of pyrites; of gra^ 
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nites rounded by friction; of piece 3 of mother- 
of* pearl ; of mica ; perhaps of talc, to which 
different names %re given, according to their -ap- 
pearances ; of entire shells, but in small quan- 
tity, and seemingly dispersed through no great 
extent} of small flints, some crystals, coloured 
sands, a light slime, &c. All these bodies, 
disseminate by the currents, the agitation of the 
waters, and partly proceeding from the rivers, 
from the sinking of hills or high beaches, ^nd 
other accidental causes, seldom perfectly cover 
the general bottom, which appears every instant, 
when we sound often in the same regions . . , . 
1 remariied, that, during near a century, a great 
part of the general bottoms of the gulf of Gascony 
and la Mancha, have suffered little or no change, 
which supports my opinion concerning the two 
bottoms *.’* 

To these inequalities at the bottom, we must 
ascribe the origin of currents: for, if the bot- 
tom were uniform and level, there could be no 
current but the general motion from east to 
west, and such as might occasionally be pro? 
duced by the winds. But what incontestibly 
proves that most currents are produced by the 
tides, and take their direction from inequalities 
at the bottom, is, that they uniformly follow the 
tides, and change their course at every ebb and 
flow f, This fact is confirmed by the testimony 

* Joum. d« Phya. par M, Abb^. Rozier, D«c. 1775, p. 4S8. ' 

f Sae Pietro della Valle on the Currenta in the Gulf of Canif 
baia, voL y'u p. SOS. 
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of all navigators^ who unanimously affirm, that,' 
in those places where the tides are most impetu- 
ous^ the currei^^re likeWish most rapid. 

Thus it is a^^rent, that the tides give rise 
to currents, and that they always follow the di- 
rection of the opposite hills or mountains be- 
tween which they run. Currents produced by 
winds likewise observe the direction of the emi- . 
nences concealed under the waters; for they 
seldom run in the direct path of the winds; nei- 
ther do those produced by the tides invariably 
observe the course pointed out by their original 
cause. 

To give a distinct idea of the origin of cur- 
rents, let it be remarked, that they take, place 
in all seas; that some are rapid, and others, 
slow ; that some are of great extent both in length 
and breadth, and others shorter and narrower; 
that the same cause by which they are pro- 
duced, whether it be the winds or the tides, 
frequently bestows on each a difference both in 
celerity and direction ; that a north wind, for 
example, which ought to produce a general mo- 
tion towards the south, gives rise, on the con- 
trary, to a number of separate currents, very 
different, both in their direction and extent, some 
running sooth, others south-east, and others 
south-west; some are rapid, others slow; some 
long and broad, and others short and narrow: 
in a word, their motions'^ are so various aqd 
combined, that they lose all resemblance to their 
general cause. When a contraiy wind blows,, 
every motion is uniformly reversed; and the 
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which we have adduced, is sufficient to show, that 
all our present continents and islands wt-re for- 
merly covered with the waters of the ocean, and 
throws much light on the theory which 1 have 
been endeavouring to establish. It was not 
enough to have proved that the internal strata 
of the earth were formed by sediments of the 
waters; that* the mountains were elevated by 
successive accumulations of these sediments ; or, 
that many strata were impregnated with shells 
and other productions of the sea. It was still 
necessary to investigate and assign the real cause 
of the correspondence in the angles of moun- 
tains, which hitherto bad never been attempted, 
but which, when united with the other proofs, 
forms a connected chain of evidence in support 
of my theory, as complete as the nature of phy- 
sical reasoning will admit. 

The most conspicuous currents of the ocean 
are those in the Atlantic, near the coast of Gui- 
ney. They extend from Cape Verd to the bay 
of Femandpo. They run from west to east, 
.which is contrary to the general motion of the 
sea ; and they are so rapid, that vessels sail in 
two days from Moura to Rio de Benin, about 
IdO leagues, but require six or seven weeks to 
return. It would be impossible to clear these la- 
titudes, were it not by niteans of the tempestuous 
winds which suddenly arise in them: but there 
are sometimes whold seasons in which the ma- 
riner is obliged to remain stationary, on account 
of perpetual calms, the sea having here no mo- 
tion but what it derives from the currents ; and 
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these always run in upon the coasts,' from which 
they extend not above twenty leagues. Near 
the island of Sumatra, there are rapid currents, 
which run from south to north, and which have 
probably given rise to the bay between Malacca 
and India. We find similar currents between 
Java and the lands of Magellan,'^ and between 
the Cape of Good Hope and Madagascar, espe* 
cially on' the African coast from Natal to the 
Cape. In the Pacific Ocean, upon the coasts 
of Peru, and the rest of America, the waters move 
from south to north, which is probably owing 
to the constant blowing of the south wind. The 
same motion from south to north has been re- 
marked on the coasts of BrazH, from Cape St. 
Augustine to the Antilles, and from the mouth 
of the Manilla Straits to the Philippines md 
Japan*. 

There are violent currents in the neighbour- 
hood of the Maldiva islands ; and between these 
islands, as already observed, the currents run al- 
ternately in opposite directions six months in the 
year, and are probably occasioned by the trade, 
winds. 

To the enumeration of currents, we shall add 
the famous current of Mosckoe, Mpsche, or 
Male, on the coast of Norway, of which a learned 
Swede has given the following description : 

" This current, which took its name from the 
rock of Moschensicle, situated between the' two 


* See Varen. Geogr. p. 140. 
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islands of Tofode and Woeroenj extends foui* 
miles from north to south. 

** It is extremely rapid, especially between 
the rock of Mosche and the point of Lofoede. 
But, in proportion as it approaches the two 
isles of Woeroen and Rouest, its rapidity dimi-> 
pishes. It finishes its course from north to south 
in six hours, and from south to north in an equal 
time. 

“ This current is so rapid, that it produces a 
number of small eddies, which the Norwegians 
call gargamer. 

** Instead of following the course of the tides, 
it observes an opposite direction. When the 
waters of the ocean rise, they proceed from south 
to north, but the current then runs from north 
to sopth. When the sea retires, it goes from 
north to south, but the current then runs from 
south to north. 

It is remarkable, that, hoth in going and 

returning, it does not describe a straight line, 

like other currents found in some straits, where 

the waters of the sea rise and fall : but it moves 

^ • 

in a circular direction. 

‘ ** When the waters of the sea have risen one 
half, those of the current run to the south south- 
east. In proportion as the sea rises, the current 
toms towards the south; from thence it turns 
toward the south-west, and from the south-west 
to the west. [ 

“ When the tide is full, the current goes to- 
ward the north-west, and then toward the northt 
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About the middle of the reflux the current 
recommences its course, after having been sus- 
pended during some seconds: 

The principal phenomenon is its return by 
the west from the south south-east toward the 
north. If it did not come back by the same 
road, it would be difficult and almost impossible 
to sail from the point of Lofoede, to the two 
great islands of Woeroen and Rouest. There 
ar^ two parishes, which would necessarily be un- 
inhabited, if the current observed not the course 
I have described. But, as it actually observes 
this course, those who pass from the point of 
.Lofoede to the two islands, wait till the tide 
has risen one half, because the direction of the 
current is then to the west. When they want 
to return from these islands to the point pf 
Lofoede, they wait till the tide be half ebb}' 
because the course of the current is then toward 
the Continent. This circumstance renders the 
passage very easy. . . . Now, there is no current 
without a declivity} and here the water rises 
on one side and descends by the other. ..... 

To be convinced of this truth, we have only 
to consider that there is a small tongue of land 
in Norway, which extends sixteen miles into 
the sea, from the point of Lofoede,. which in- 
clines more to the west, as far as that Lod- 
dinge, which, inclines more to the east. This 
tongue of land is surrounded by the sea } *and, 
whether during the flux or reflux, the water 
is dways stopt there } because it can have no* 
issue hut through six small straits or passages. 
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ivbich divide the tongue of land ;int9>san«qaal 
number of portions, ^me of these exceed^ot 
half, a quarter of a’mile in breadth, and some- 
times not half so much. Hence they con- 
taw only a small quantity of water. Of coorse« 
when the sea rises, a great part of the water 
coming to the north is stopt to the south of 
this tongue of land. The waters are, therefore, 
much more elevated toward the south,' than to- 
ward the nwth. When the sea retires, -^nd 
goes toward^he south, a great part of the water, 
in the same manner, is arrested to the north 
of this tongue of land, and, consequently, is 
much higher towards the north, than towards the 
south. 

** The waters, thus interrupted, sometimes at 
the north and sometimes at the south, can find 
an issue only between the point of Lofoede and 
the island of Woeroen, and between this island 
and thm;'of Rouest. 

“ The declivity of the waters, when they de* • 
scend, produces the rapidity of the current; 
and, fos the same reason^ this rapidity is greatest 
towards' the point of Lofoede. As this point 
is nearest the place where the waters are stopt, 
the rapidity there is likewise greatest; and, in 
proportion as the- waters of the current ex- 
tend towards the islands of Woeroen, and 
Rouest, their celerity decreases. 

•* Tt is now easy to conceive why the current 
is always diametrically opposite to- the motion 
of the sea. Nothing opposes the common move- 
ments of the waters, whether they rise or fall. 
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But the wateis which are stopt above the point 
of Lofoede can neither* move id a straight 
line, nOr beyond this point/ while the sea has 
not descended lower, and has not, in retiring^ 
carried off the waters, which those that are 
stopt above the point of Lofoede ought to re« 
place, i . i . . i i 

** At the Commencement of the flux and re> 
flux, the waters of the sea cannot turn back those 
of t]?e current ; but when they have risen or 
fallen one half, they are then enabled to change 
the direction of the current. As it cannot then 
turn toward the east, because the water is al- 
ways stable near the point of Lofoede^ as for- 
merly remarked, it must necessarily proceed 
toward the west, where the water is lower*.” 

This explication seems to be conformable to 
the true principles of the theory of running 
waters; 

We must still add the description of the fa< 
mous current of Scylla and Gharybdis, near 
the island of Sicily^ concerning which Mr; 
Brydone has lately made some observations^ 
tending to prove that the violence and rapi<» 
dity of its movements are much diminished. 

“ It was almost a dead calm^ our ship scarce 
moving half a mile in an hour, so that we had 
time to get a complete view of the famous rock 
of Scylla^ on the Calabrian sidei Cape Pylorus 


* I>6script. du Conrant de MoKkoe, &c. Journal Etranger, 
Fevrier, 1758, p. 25. 
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on the Sicilian, and the celebrated straits of 
the Faro that runs between them. Whilst we 
were still some miles distant from the entry of 
the straits, we heard the roaring of the current, 
like the noise of some large impetuous river 
confined between narrow banks. This in- 
creased in proportion as we advanced, till we 
saw the water in many places raised to a con- 
siderable height, and forming large eddies or 
whirlpools. The sea- in every other place was 
as smooth as glass. Our old pilot told us, that 
he had often seen ships caught in these eddies, 
and whirled about with great rapidity, without 
obeying the helm in the smallest degree. 
When the weather is calm, there is little danger : 
but when the waves meet with this violent 
curoent, it makes a dreadful sea. He says, 
there were five ships wrecked in' this spot last 
winter. We observed that the current set ex- 
actly for the rock of Scylla, and would infal- 
libly have carried any thing thrown into it 
against that point; so that it was not without 
reason the ancients have painted it as an object 
of such terror. It is about a mile from the 
entiy of the Faro, and forms a small promon- 
tory, which runs a little out to sea, and meets 
the whole force of the waters, as they come 
out of the narrowest parts of the straits. Tlie 
head of this promontory is the famous Scylla. 
It 'must be owned*, that it does not altogether 
come up to the formidable description that < 
Homer gives of it; the reading of which (like 
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that of Shakespear*^s Cliff) almost makes one’s 
head giddy. Neither is the passage so wonder* 
ous narrow and difficult a's he makes it. In* 
deed it is probable that the breadth of it is 
greatly increased since his time, by the violent 
impetuosity of the current. And this violence, 
too, must have always diminished, in proportion 
as the breadth of the channel increased. The 
rock is hear @00 feet high. There is a kind of 
castle or fort built on its summit; and the 
town of Scylla, or Sciglio, containing three or 
four hundred inhabitants, stands on its south 
side, and gives the titfe of prince to a Calabrese 
family. We lay just opposite to Cape Pylorus, 

where the light>house is now built The 

mouth of the straits, betwixt the promontories 
of Pylorus in Sicily, and the Coda de Voipe in 
Calabria, appears scarcely to be a mile. But 
the channel enlarges to four miles in breadth 
near Messina, which is twelve miles from the 

mouth of the straits The celebrated gulf 

or whirlpool of Charybdis lies near to the entiy 
of the harbour of Messina, and often occa* 
sions such an intestine and irregular motion in 
the water, that the helm loses most of its power, 
and ships have great difficulty to get in, even 

with the fairest wind that can blow 

Aristotle gives a long and formidable description 
of it in his l@dth chapter, De Admirandis, 
which I find translated in "an old Sicilian *book 
I have got here. It begins, * Adeo profun* 
dum, horidumque, spectaculum«’ &c., but it 
SFSr 
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is too long to transcribe. It is likewise described 
by Homer, twelfth of the Odyssey j Virgil, third 
iCneid; Lucretius, * Ovid, Sallust, Seneca; as 
also by many of the old Italian and Sicilian 
poets, who all speak of it in terms of horror; 
and represent it as an object that inspired terror, 
even when looked on at a distance. It certainly 
is not now so formidable ; and, very probably, 
the violence of this motion, continued for so 
many ages, has by degrees worn smooth the 
rugged rocks, and jutting shelves, that may 
have intercepted and confined the waters. The 
breadth of the straits too, in this place, I make 
no doubt is considerably enlarged. Indeed, 
from the nature of things it must be so; the 
perpetual friction occasioned by the current 
must. wear away the bank on each side, and 
enlarge the bed of the water. 

** The vessels in this passage were obliged to 
go as near as possible to the coast of Calabria, 
in order to avoid the suction occasioned by the 
whirling of the waters of this vortex; by which 
means, when they came to the narrowest and 
most rapid part of the straits, betwixt Cape 
Pylorus and Scylla, they were in great danger 
of being carried upon that rock. From whence 
the proverb, still appli^ to those who, in at« 
tempting to avoid one evil, fall into another, 


Incidit in Scyllam, copiens vitare Carybdim.* 

Here another light ‘houM is placed to warn 
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sailors of their approach to Charybdis, as t^at 
other on Cape Pylorus is intended to give them 
notice of Scylla*.” 

We here notice such currents only as are 
remarkable both for their extent and their rapi- 
dity i because the number of lesser currents is 
almost infinite. The tides, the winds, and 
every cause that agitates the waters, produce cur- 
rents, which are more or less perceptible in dif- 
ferent places. We have already remarked, that 
the bottom of the sea is, like the land, intersected 
with mountains and valleys, shoals and sand- 
banks. In all the mountainous places, the cur- 
rents must necessarily be violent; and, where 
the bottom is smooth and level, they are almost 
imperceptible} for the rapidity of a current must 
augment in proportion to the obstacles .with 
which the waters have to encounter. The cur- 
rent between two chains of mountains will be 
more or less violent in proportion to their dis- 
tance. The same thing must happen between 
two banks of sand, or two adjacent islands. 
It is, accordingly, remarkable, that in the In- 
dian Ocean, which is intersecte|d with an in- 
numerable quantity of islands and sand-banks, 
there are every where currents, which, by 
their rapidity, render navigation ^tremely dan- 
gerous. 

Currents are not only occasioned by inequa- 
lities at the bottom, but a similar effect is pro- 
duced by the coasts, from which the waters are 


* Brydone’s Tour, vol. i. p. 40i &c> 
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repelled to greater or less distances. Tliis re- 
gorging of the waters may be rendered perpe- 
tual and violent by particular circumstances: an 
oblique position, for example, of a coast, its con* 
tiguity to a bay or a great river, a promontory, 
or any particular obstacle to the general move- 
ment of the waters, will always give rise to a 
current: now, as nothing is more irregular than 
the bottom and the coasts of the sea, ‘the num- 
ber of currents which every where appear ought 
not to create surprise. 

All currents have a determinate breadth, pro- 
portioned to the interval between the two emi- 
nences which limit them. They run in the same 
manner as land rivers; they form a channel, 
and cut their banks in a regular manner, with 
corresponding angles; in fine, the currents of 
the ocean have scooped out our valleys, shaped 
our mountains, and bestowed upon the land, 
while it remained under the surface of the waters, 
the form in which it now appears. 

If any doubt should remain concerning the 
correspondence in the angles of mountains, I 
appeal to the testimony of every man’s observa- 
tion. Every traveller may remark this corre- 
spondence in opposite hills, When a hill makes 
a projection to the right, the opposite one uni- 
formly recedes to the left. Besides, in opposite 
hills, separated by valleys, there is rarely any dif- 
ference in their height. The more 1 observe 
the contours and elevations of hills, am the 
mbre convinced of the correspondence of their 
angles, and of their resemblance to the channels 
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and banks of rivers. It was the repeated obser* 
vation of this surprising regularity and resem- 
blance that first suggested the idea of the theory 
of the earth which I am now supporting. When 
to this are added the parallelism of the strata, 
and the shells so universally incorporated with 
different materials, no subject of this nature can 
^mit of a greater degree of probability. 



PROOFS 


OF THE 

THEORY OF THE EARTH, 


ARTICLS: XIV, 

Of Regular Winds. 

In our climates, nothing can appear to be 
more capricious and irregular than the force 
and direction of the winds. But there are some 
countries where this irregularity is not so great, 
and others where the wind blows constantly in 
tile same direction, and with nearly the same 
degree of force. 

Though the motions of the air depend on 
many causes ; yet there are some more constant 
and powerful than others. But it is difficult to 
estimate their precise effects, because these are 
often modified by secondary causes. 

The heat of the .sun is the most powerful 
cause of winds: it produces a considerable and 
successive rarefaction in the different parts of the 
atmosphere, and gives rise to an east wind, which 
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blows constantly between the tropics, where 
the rarefaction is greatest. 

The force of the sun’s attraction upon the at- 
mosphere, and even that of the moon, are in- 
considerable when compared with the cause just 
mentioned. This force, it is true, produces a 
motion in the air similar to that of the tides 
in the sea: but, though the air is elastic, and 
800 times lighter than water, the motion pro- 
duced by attraction cannot exceed what is ex- 
cited in the waters of the ocean by the same 
cause; for the action of gravity being propor- 
tioned to the quantity of matter, it must elevate 
a sea of water, of air, or of quicksilver, nearly 
to the same height. Hence the influence of the 
planets upon the air must be inconsiderable*; 
and, though it must occasion a slight motion 
from east to west, this motion becomes alto- 
gether insensible when compared with that pro- 
duced by the heat of the sun : but as the rare- 
faction is always greatest when the sun is in the 
zenith, the current of air must follow the course 
of the sun, and produce a constant wind from 
east to west. At sea, this wind blows perpetu- 
ally in the torrid zone; and at land, in most 
places, between the tropics. It is this wind 
which we* perceive when the sun rises; and, in 
general, east winds are more frequent and more 
violent than west winds. The general wind, 
from east to west, extends even beyond* the 

* See Reflection sur la Cause Generale des Vents, par 
M. D’Alemheit. 
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tropics. It blows so constantly in the Pacific 
Ocean, that the ships coming from Acapulco to 
the Philippines, perform their voyage, which is 
more than 2,700 leagues, without the least dan* 
ger, and almost without the necessity of being 
directed, la the Atlantic, between Africa and 
Brazil, this wind is equally constant. It is like- 
M'ise felt between the Philippines and Africa; 
but there it is less constant, on account of the 
obstacles it meets with from the numei;ous 
islands in that sea; for it blows, during the 
r.v_»ths of January, Febraary, March, and April, 
between tiie Mozambique coast and India ; but 
it give*! ylace to other winds during the rest of 
the year : and, though it is less perceptible on 
the coasts than on the open sea, and still less in 
the interior parts of continents than on the 
coasts, yet, in some places, it blows almost per* 
petually, as on the east coasts of Brazil, of Lo* 
ango in Africa, &c. 

This wind is constant under the line; and, 
therefore, in going from Europe to America, 
mariners direct their course southward, along 
the coasts of Spain and Africa, till they come 
within twenty degrees of the equator, where they 
fall in with the east, or trade wind, which car* 
ries them directly to the' coast of America. By 
means of the same wind, the voyage from Aca* 
pulco to the Philippines is performed in two 
raofiths; but the 'return from the Philippines 
to Acapulco is much more difficult, and requires 
a longer time. About twenty-eight or thirty de- 
grees on this side of the line, the west wind is 
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equally constant; and, for this reason, the vessels 
returning from the "West Indies to Europe, ob- 
serve not the same route as in going out. Those 
from New Spain run north along the coast till 
they arrive at the Havannah, in the island of 
Cuba; and from thence they proceed northward, 
till they fall in with the west wind, which car- 
ries them to the Azores, and then to Spain. 
In the skme manner, vessels returning by the 
Soqth Sea, from the Philippines or China, to 
Peru or Mexico, sail north as far as Japan; and, 
under that latitude, they proceed till they ar- 
rive at a certain distance from California; and 
from thence, following the coast of New Spain, 
they reach Acapulco. These east winds blow 
not always from the same point; but, in gene- 
ral, they blow from the south-east from April to 
September, and from the north-east from No- 
vember to April. 

The east wind, by its constant action, aug- 
ments the general motion of the sea from east 
to west. It also produces perpetual currents, 
some of them running from east to west, and 
others from east to south-east, or north-west, ac- 
cording to the direction of the eminences, or 
chains of mountains, below the surface : the 
valleys or intervals between them serve as chan- 
nels to these sea rivers. The variable winds, 
which blow sometimes from the east, and some- 
times from the south, likewise produce cutteuts, 
which change their direction with that of the 
wind. 
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The winds that blow constantly for some 
months are commonly succeeded by contrary 
winds, which oblige the mariner to wait for 
that which is most favourable to his destination. 
When these winds change, they often produce, 
for several days, and sometimes for a month, or 
even two months, a perfect calm, or dreadful 
tempests. 

These general winds, occasioned by the rare- 
faction of the atmosphere, are variously epm* 
bined and modified by dilferent causes, and in 
different climates. In that part of the Atlantic 
which lies under the temperate zone, the north 
wind blows almost constantly during the months 
of October, November, December, and January. 
These months, therefore, are most favourable 
for ships going to the Indies, which are carried 
over the line by this windt and it is a well 
known fact, that vessels which depart from £u* 
rope in March, frequently arrive not sooner at 
Brazil than those which set out in the following 
October. The north wind reigns almost perpe* 
tually, during the winter, off Nova Zeinbla, and 
other northern coasts. At Cape de Verd, the 
south wind blows during the month of July, 
which is the rainy season, or winter, in that 
climate. At the Cape of Good Hope, the north- 
west wind blows during the month of Septem- 
ber: the same wind blows at Patna in the East 
Indies during the months of November, De- 
cember, and January, and occasions great rains; . 
but the east wind prevails during the other nine 
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months. In the Indian Ocean, between Africa 
and India, and as far as the Molucca islands, 
the trade wind from east td west reigns from 
January to the beginning of Junej the west 
winds begin in August or September ; and, in 
the interval between June and July, there are 
dreadful tempests, generally from the north 
winds; but these winds are more variable on 
the coasts than in the open seas. 

Ip the kingdom of Guzarat, and upon the 
neighbouring coasts, the north winds blow from 
March to September; and, during the other 
months, the south winds almost always prevail. 
The Dutch, in returning from Java, set out in 
January or February, by the assistance of the 
east wind, which is felt as far as the eighteenth 
degree of south latitude; and then they meet 
with south winds, which carry them to St. 
Helena *. 

Some regular winds are produced by the 
melting of the snows. This was remarked by 
the ancient Greeks. During summer a north- 
east wind, and a south-east one during winter, 
was observed to take place in Thracia, in Mace- 
donia, in the Egean Sea, and. even in Egypt 
and Africa; and winds of the same kind have 
been remarked in Congo, at Guzarat, and at the 
extremity of Africa, which are all occasioned by 
the melting of the snows. Regular winds, 
which last but a few hours, * are also produced 
by the motion of the tides ; and, in many places. 


* ;3ee Varen. Geogr. cap. 20. 
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as on the coasts of New Spain, of Congo, of 
Cuba, See., a wind blows from the land during the 
night, and from the'sea during the day. 

The north winds are equally regular within 
the polar circles; but they become more and 
more imperceptible as we approach the equator : 
this remark is applicable to both poles. 

In the Atlantic and Ethiopic Ocean, within 
the tropics, an east wind blows during the 
whole year, without any considerable variation, 
except in some small spots, ' where it changes 
according to the situation of coasts, and o,ther 
circumstances: 1st, Near the coast of Africa, 
and about the twenty-eighth degree of north lati- 
tude, vessels are certain of finding a fresh gale 
from the north-east or north north-east, which 
accompanies them to the tenth degree of the 
same latitude, about 100 leagues from the coast 
of Guinea; and at the fourth degree of north 
latitude, they meet with calms and tornadoes. 
2d, In going by the Caribbee islands, this wind 
turns more and more easterly, in proportion as 
vessels approach the American coast, dd. The 
limits of these variable winds, in the Atlantic, 
are more extensive upon the coasts of America 
than upon those of Africa. Along the coast of 
Guinea, from Sierra Leona to the island of St. 
Thomas, an extent of about 500 leagues, there 
is a perpetual south, or south-west wind. The 
narfowest part of the Atlantic is from the coast 
of Guinea to Brazil, where it is not above 500 
leagues over. Vessels, however, that depart 
from Guinea, are obliged to shape their course 
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southward, especially when they set out In the 
months of July or August, in order to fall in with 
the south-east winds, which blow constantly dur- 
ing this season 

In the Mediterranean, the east wind blows 
from the land in the evening, and the west wind 
from the sea in the morning. The south wind, 
which is accompanied with rain, and blows 
commonly during the latter end of autumn, at 
Pafis, in Burgundy, and Champagne, yields to a 
mild north-east wind, which produces that fine 
weather vulgarly called Saint Martin’s Sum- 
mer f. 

Doctor Lister alleges, that the east wind, 
which reigns during the whole year between 
the tropics, is occasioned by the transpiration of 
the plant called the sea lentil, which abounds in 
these climates; and that the difference of land 
winds is owing to the different situation of trees 
and forests. This ridiculous whim he assigns as 
the cause of the winds ; and, in his opinion, the 
wind is strongest at mid 'day, because the tran- 
spiration from plants is then greatest; and the 
wind, continues he, blows from east to west, be- 
cause all plants are, in some measure, sun-dowers, 
and transpire most from the side opposed to the 
sun 

Other authors have assigned the diurnal mo- 
tion of the earth as the cause of this east wind. 


* See Phil. Trans. Abridg. vol. ii. p. 129. 
t See Trait4 de Eaux de M. Mariotte. 
ij: See Phil. Trans. No. 150. 
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This notion is specious: but erery man, who 
has the least knowledge of physics, must allow, 
that no fluid which Surrounds the earth can be 
affected by its rotation } that the air most move 
along with the earth itself} and that the rotatory 
motion is equally imperceptible in the atmo- 
sphere as on the surface of the earth. 

The principal cause of the winds, as already 
remarked, is the heat of the sun * j for Whatever 
rarities or condenses the air, must produce, a 
wind, or current, in a direction opposite to those 
places where the rarefaction or condensation is 
greatest. 

The pressure of clouds, exhalations from the 
earth, the explosion of meteors, rains, &c., like- 
wise produce considerable agitations in the at- 
mosphere. Each of these causes, when variously 
combined, produce different effects. As it is in 
vain to attempt a complete theory of the winds, I 
confine myself to their history. 

If we had a series of observations upon the di- 
rection, the force, and the variations of the winds 
in the different climates of the earth, and if these 
observations were suflSciently numerous and exact, 
we might be enabled to form more complete ideas 
with regard to the causes of the different changes 
in the atmosphere. 

The winds are more regular at sea than upon 
land} because their motion is not interrupted. 
But, ’ upon land, the direction is frequently 
changed by the interposition of mountains, fo- 

* See Halley’s Treatise on this subject in the Phil. TYane. 



OP REGULAR WINl?S. 4^9 

mestSy cities^ and other obstacles. Winds are 
often reflected front mountains with a force nearly 
equal to that of their original current: these 
winds are exceedingly irregular, because their 
direction depends on the contour, the height, and 
the situation of the mountains from which they 
rebound. The ^a winds also blow with more 
force and uniformity, .and last longer: the land 
winds, however violent, have intermissions, and* 
moments of repose : but, at sea, the current 
the air, having no obstacles to contend with, is 
uniform and perpetual. 

. At sea, the east winds, and those which come 
from the poles, are generally stronger than . the 
west winds, and those that proceed from the 
equator. - But, at land, the south and west winds 
are more or less violent, according to the dif* 
ferent situation of particular countries. During 
spring and autumn, the winds, both at sea and 
land, are more violent than in summer or winter. 
For this fact, several reasons may be assigned ; 
1. In spring and autumn the tides are highest j 
and, consequently, the winds they excite are 
most violent during those seasons. 2. The mo- 
tion produced in the atmosphere by the action 
of the sun.and moot), or the tides, of the air, must 
likewise be greatest about the equinoxes. 3. The 
melting of the snows -in spring, and the conden- 
sation of the vapours exhaled in summer l>y the 
sun, and which fall down in the autumn in the 
form of rain, produce, or at least augment, the 
force of the winds. 4. The transition from heat 
to cold, or from cold to heat, must create con- 
VOL. I. 2 G 
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siderable augmentation and diminution in the 
volume of the air, which alonp -is sufficient to 
raise great winds.’ 

Contrary currents in the atmosphere have often 
been remarked. We see some clouds moving 
in ope direction, and others, either above or be- 
loyv them, proceeding in a direction perfectly 
opposite! This contrariety of motion never con- 
tinues long ; because its general cause is the re- 
sistance of some large cloud, which reflects the 
wind in a direction opposite to its natural course, 
but is soon dissipated. 

The wind is more violent in proportion to the 
elevation of the ground, till it arrives at the or- 
dinary station of the clouds, which is about one 
fourth or one third of a league perpendicular 
height j and beyond this, the sky is generally- 
serene, especially in summer, and the wind gra- 
dually diminishes : it is even said to be altogether 
imperceptible on the tops of the highest moun- 
tains. However, as the summits of these moun- 
tains- are covered with ice and snow, it is natural 
to think that this region of the air is agitated dur- 
ing the fall of the snows, and that the winds are 
- imperceptible, in the summer season only. The 
light -vapours which are raised' in summer fall in 
the 'form of dews; but, in winter, they are con- 
dented, and fall on the tops of the mountains in - 
the form of. snow or ice, which may raise con- 
siderable 'Winds at that altitude. 

It has been -proved, by a thousand experiments, 
that, the higher we rise above the level of the sea 
or af- plains, thej column of mercury in* the ba- 
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. i:t)meter sinks the lower ; and, consequently, that 
the weight of a Column of air diuiinishes in pro- 
portion to the elevation of the place ; and as 
air is an elastic and compressible fluid, philoso- 
phers have unanimously concluded from these 
experiments, that the air is much more dense and 
compressed in the plains, than on the tops of 
mountains. For example, if the baroaietet) 
which stands at twenty-seven inches iit the plain, 
falls, on the top of a mountain, to eighteen, a 
difference of one third of the whole weight of 
the column of air, we say, that, the compression 
of this element being always proportioned to the 
incumbent weight, the air at the top of the moun- 
tain is, of course, one third less dense than that 
in the plain, because it is compressed by a weight 
one third less. But strong reasons condur in 
making me suspect the truth of this conclusion, 
which has hitherto been regarded as natural, and- 
perfectly legitimate. 

Let us, for a moment, abstract this compres- 
sibility of the air, which several causes may aug- 
ment or diminish, destroy or conApensate : let’ 
us suppose the air to be every where equally 
dense ; if its thickness exceetled not three leag^. 
It is certain, that, in mounting one Ieague,’llle 
barometer, being loaded with one third less 
weight, would descend from twenty-seven to- 
eighteen inches. Now the air, though conojpres- 
sible, appears to me to be equally dense at ^ 
heights; and this opinion I shall support l^ the 
following facts and reasonings. 

1. The winds are ^ually strong ahd equhlly 
QoS 
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violent at the tops of the highest mountains as 
in the lowest valleys. With regard to this fact 
ail observers are agreed. Now, if the density of 
the air were one third less, the action of the wind 
would necessarily be one third weaker, and all the. 
winds at the height of a league would be only 
zephyrs, which is absolutely contradicted by uni- 
form experience. 

2. Eagles, and several other birds, not only fly 
to the tops of the highest mountains, but rise>tu 
great heights above them. Now 1 ask, if these 
animals could either fly, or even support them- 
selves, in a fluid one third less dense than com- 
mon air, and if the weight of their bodies, not- 
withstanding all their efforts, would not oblige 
them to sink lower ? . 

3. All observers, who have climbed to the 
tops of the highest mountains, agree that they 
respire as freely as in any other situation, and 
that the. only inconveniency they feel arises from 
tha cold, which augments in proportion to the 
elevation. Now if the air was one third less 
dense at the tops of mountains, the respiration of 
man, and of birds which mount still higher, 
would not only be injured, but stopped, as actu- 
al^^ happens to animals in an air puipp, when* 
one fourth ot one third of the air contained in 
the receiver is exhausted. 

4. As cold condenses' as much as heat rare- 
fies tlie air, and as, in proportion to the eleva- 
tion of mountains, the cold increases, does it not 
follow, that the degrees of condensation of the 
air correspond to the degrees of cold ? This con- 
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densation may equal, • and even surpass that of 
the air in plains, where the^ heat escaping from 
the internal parts of the earth is much , greater 
• than at the tops of mountains, which are the 
most advanced and coldest points on the surface 
of the globe. Hence this condensation of the 
air by cold, in high regions of the atniosphere, 
should compensate the diminution of density' 
produced by a decrease of the incumbent weight; 
and, of course, the air should be equal!}' dense on 
the cold summits of mountains as in the plains. 
I am even led to think, that the air is more dense"^ 
on the tops of mountains, because there the wind^ 
seem to be more vi.oleut, and the birds which 
'soar above the highest summits appear to sup* 
port themselves in the air with more ease in pro- 
portion to the height they rise. , ’ 

I may therefore conclude, that the free air is 
nearly of equal density at all heights, and that 
the atmosphere extends not so high as .has been 
determined, by considering the air as an elastic 
mass compressed by an incumbent weight. Thus 
the total thickness of the atmosphere may not 
exceed three leagues, instead of from fifteen 
to twenty, as has been conjectured by philoso- 
phers *. 

^ Alhazen^ from the duration of the twilights/pretended 
that the height of the atmosphere is 41>,33 1 fathoms. Kepler^ 
upon the same principle, makes it 41,1 10 fathoms. 

M« de la Hire, when treating of 'the horizontal refniction 
of thirty«two minutes, fixes the mean height of the atmosphere 
at 34,583 fathoms. 

M. Mariotte, from liis experiments on the compress!- 
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The firsi; stratum of the atmosphere is hll^ 
with vapours exhaled from the surface of the 
globe,' both by its* own heat and that of. the sun. 
!fn this stratum, which extends to the height of 
the clouds, the heat arising from exhalations pro* 
duces and supports a rarefaction that forms an 
equipoise to the superior air; so that the lower 
stratum of the atmosphere is not so dense as it 
pught to be in proportion to the pressure it re- 
ceives. Biit, at the height where this rarefac- 
tion ceases, the air undergoes all that condeii- 
sation which is produced by the cold of this re- 
gion, where the heat arising from the earth ia 
much diminished; and this condensation ap- 
pears to be even greater than that which might 

Ve proAuced, V>y the weight of iVie sopeviot strata, 
in the inferior regions, which are supported .by 
rarefaction. This idea is strengthened by ano- 
ther phenomenon, which is the condensation 
and suspension of the clouds' in that elevated 
region where they are formed and supported. 
Beyond this middle region, where the cold and 
condensation commence, the vapours rise, but 
cease to be visible, except when ’a part of a cold 
stratum seems to be pushed back toward the 


bility of air, makes the height of the atmosphere 30,000 
fathoms. 

However, comprehending qnder the atmosphere that part 
of the air only in which refractions take place, M. Bouguer 
ascertains the height not to be above 3,158 fathoms, i, e. two 
and a half or three leagues; and I believe that this result 
more certain and better founded than any of the others. 
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surface of the earth, and when the heat escap* 
•ing from the earth being for some time extin- 
guished by rains, the vapours then collect and 
thicken around us in the form of mists and fogs. 
Without these circumstances, the vapours never 
become visible till they arrive at that region 
where the cold condenses them into clouds, and 
stops their farther ascension : their gravity, which 
augments in proportion as they become .more 
dense, fixes them in an equipoise which they 
cannot surmount. We perceive that the clouds 
are generally higher in summer, and still higher 
in warm climates. It is iti this season and in 
these climates that the stratum formed by evapo- 
ration from the earth rises highest. On the coti- 
traiTy. in the frozen regions near the pole, where 
the evaporation produced by the heat of the globe 
is -much less, the stratum of deuse air seems to 
touch the surface, and there to retain the clouds, 
which never rise higher, but surround these 
gloomy regions with perpetual fogs. ■ 

The celerity of a current of air is augmented 
when its passage is contracted. The same wind, 
which is but slightly felt in a large open plain, 
becomes violent in its progress through a narrow 
pass in a.mountain, or between two high houses ; 
and it is most violent at the tops of the buildings 
or of the mountain, because the air, being com- 
pressed by these obstacles, is augmented both in 
volume and density ; .and, 4s its cclevity remains 
the same, its force -^or momentum must be in- 
creased. It is for this reason that the wind ap- 
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pears to be more violent near a church or 4 tower 
than at a distance from them. I have often r&>* 
marked, that the wind reflected from a building 
standing by itself, is stronger than the direct 
wind by which it was produced. This effect can 
be owing to no other cause than the compression 
of the air against the building, from which it re« 
bounds. u 

r shall here mention a fact which seems to 
have escaped the observation of natural philoso* 
phers, though every man is in a condition.to con' 
vince himself of its truth. . The fact is, that the 
reflected wind is more violent than the direct, 
and still more so in proportion to the nearness of 
the obstacle by which it is reflected. 1 have 
often made the e^^periment by approaching a 
towers of near 100 feet high, and situated at 
the north of my garden at Montbard. When 
a strong south wind blows, we are violently pushed 
back, at the distance of thirty paces : after which, 
there is an interval for five or six paces, where the 
violence of the reflected wind ceases, and seems 
to be in equilibrium with the direct. The nearer 
we approach, the strength of the reflected wind 
augments, and pushes us back with much greater 
force than the direct wind pushes us forward. 
The. cause of this general eflect, which may be 
perceived opposite to any. high buildings, pre^ 
cipices, (cc„ it is not difficult lo discover. The 
air in the direct wind acts only by its' celerity 
and its common volume; but this volume or 
mass.is considerably augtnent^ by the compresr 
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reflected ; and, as the quantity of every motion 
consists of the celerity multi*plied by thevolttme, 
this quantity is much greater afWr being com- 
pressed than before. It is a volume of common 
air which acts in the first case, and a volume of 
air of double or triple the density which acts in 
the second. 

As the density of the air is greatest at- the 
surface of the earth, it is natural to conclude, 
that the wind must there also be most violent ; 
and this conclusion is, I apprehend, just, when 
the sky is serene: but, when it is charged with 
clouds, the action of the wind will be most vio- 
lent at the height of the clouds, which are denser 
than air, as they fall in the form, of rain or 
of hail. In computing the force of wind,>there- 
fore, we ought to estimate not only its velocity, 
but likewise the density of the air; for two 
winds, of equal velocities, may differ greatly in 
their force, if the densities of the air be unequal. 
From this rem'ark, we may learn the imper- 
fection of those machines which have been- 
employed for measuring the velocity- of the 
winds. 

Particular winds, whether they be direct or 
reflected, are more violent than those which are 
general. The interrupted action of land winds ’ 
depends on the compression of the air, which 
renders every blast more violent than if tHe cur- 
rent were uniform. A uniformly continued 
stream of air produces not such havoc as the 
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is from the end of June to the beginning of 
August, the sea is infested with violent tempests 
from the north. * 

These winds are subject to the greatest va- 
riations near the coasts: vessels cannot take 
their departure from the coast of Malabar, and 
other ports on the west coast of the peninsula 
of India, to Africa, Arabia, or Persia,, but from 
the month of January to April or May; for, 
at the end of May, and during the months of 
June, July, and August, the tempests from 
the north and north-east are so violent, that 
no ships can keep the seas. But, on the 
other side of this peninsula, in the sea which 
washes the coast of Coromandel, there are no 
tempests of this kind. 

« Vessels depart from Java, Ceylon, and se- 
veral other places, for the Moluccas, in Sep- 
tember, because the west wind begins then to 
blow in these regions. However, when fifteen 
degrees south of the equator, this wind ceases, 
and they fall in with the trade wind, which, 
in this place, blows from the south-east. In 
the same manner, vessels depart from Cochin 
for Malacca in> March ; because, a}, this time, 
the west wind begins to' blow. Thus the west 
winds arise air different times, in different parts 
of the Indian Ocean. The times of departure 
are different from Java to the Moluccas, from 
^C^roin to Malacca,* from Malacca to China, 
and from China to Japan... 

** At Banda, the west winds terminate at the 
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end of March; calin and variable winds oc^ 
cupy the month of April; and the east winds 
begin with great violence in May. At Cey- 
lon, the west winds commence about the 
middle of March, and continue to the beginning 
of October, when the east, or rather east north- 
east winds, return. At Madagascar, they have 

north or north-west winds from the middle 

• * 

of April to the end of May ; but east a.nd. 
'south winds in February and March. From 
Madagascar to the Cape of Good Hope, the 
northerly winds prevail during the months of 
March and April. In the gulf of Bengal, af- 
ter the 20th of April, the south winds blow 
with violence; and, before this period, the 
south-west and north-west winds prevail. The 
westerly winds are also violent in the Chinese 
sea during the months of June and July. This 
is, therefore, the most proper season for sail- 
ing from China to Japan: but, in returning 
from Japan to China, February and March are 
preferable, because the easterly winds then 
prevail. 

“ There are some winds which may be con- 
sidered as peculiar to certain coasts: for ex- 
ample, a. south wind blows almost perpetually 
on the coasts of Chili and Peru.. It begins 
about tlie forty-sixth degr^ of south latitude,- 
and extends beyond Panama, which makes the 
voyage from Lima to Panama more easy and ex- 
peditious than the return. *The westerly winds 
blow almost continually on the coasts of Ma- 
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geilan’s land, in the neighbourhood of the 
straits of .La Maire. Upon the Malabar cOast, 
they have almost constantly north and north- 
west winds. The north wind is very frequent 
on the coast of ‘Guinea^ The westerly winds 
reign upon the coasts of Japan during the 
months of November and December.” 

The periodic,' or alternate winds, mentioned 
above, are peculiar to the sea. But upon land 
there are also periodic winds, which return' at 
certain seasons or particular days, or even at 
stated hours. On the coast of Malabar, for ex- 
ample, an easterly land wind blows from Sep- 
tember to April: it generally commences at 
midnight, and ends at noon; and it is not per- 
ceptible at twelve or fifteen leagues from the 
coast. From noon to midnight, there is a gen- 
tle .westerly breeze from the sea. Upon the 
coasts of New Spain in America, and upon 
those of Congo in Africa, land winds blow 
during the night, and sea winds during the 
day. Winds blow from all the coasts of Jamaica 
during the night, which prevents the landing, or 
sailing of ships with safety, before the rising of 
the'sun. 

In winter, the port of Cochin is inaccessible; 
neither can any ve^el get out ; because the winds 
are so impetuous, that no vessels can keep the 
sea; and, besides, the west wind, which blows 
with great fury, drives such a quantity of sand 
into the mouth of the river, as renders it impos- 
sible for ships of any burthen to enter it for six 
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months of the year. But the east wind, which 
blow-s during the other six months, drives back 
the sand into the sea, and opens the mouth of 
the river. At the straits of Babelmandei, there 
is a south-east wind, which is regularly suc- 
ceeded by the north-east. At Saint Domingo, 
there are two different winds, that rise regularly 
every day : the one, which is from the sea, comes 
from the east, and begins at ten o’clock before 
noon; the other, which is a land wind, from the 
west, rises at six or seven in the evening, and 
continues the whole night *. Other facts of this 

There are certain climates and particular countries^ where 
the winds vary regularly ; some at the end of six months^ 
others in a few weeks^ others from morning to night, and 
from night to morning. M. Fresnaye writes me, that the 
two regular winds, which blow at St. Domingo, are botli from* 
the sea, and blow, the one in the morning from the east, and 
the other in the evening from the west, which is only the same 
wind returned. It is evidently occasioned by the sun ; for, 
every man perceives, that between one and two o’clock* 
after noon, a transient gust arises. When the sun declines, 
by rarefying the air on the west, it drives to the east the 
clouds which the morning wind had confined toward the op- 
posite quarter. These returned clouds, from April or May* 
till toward autumn, produce in the district of Port-au-Prince 
the regular rains which constantly proceed from the east. There 
is not a single inhabitant who does not predict the evening 
rain between six and nine o’clock, when, according to their 
mode of expression, the broken cloud has been sent back. 
The west wind continues not during the whole night. It falls 
regularly toward the evening, and, when it ceases, the»clouds 
pushed from the east are enabled to fall in the fornti of rain, 
as soon as their weight exceeds that of an equal column 
of air. The wind which prevails in the night is a land wind, 
which proceeds neither from the east nor the west, but fol*. 
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kind, collected from voyagers of knowledge and 
credit, might furnish a Complete history of the 
winds, which would be a work extremely useful, 
both in navigation and physics. 

lows the projections of the coast. At Port-aU' Prince, the 
south wind, because it traverses the course of tlie river, is in- 
tolerably cold during the months of January and February 

* Note communicated to M. de BuiFon, by M. Fresnayc, one of the 
coaiisellors of St. Dominso. dated March 10, 1777, 
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ARTICLE XV. 

Of Irregular Winds, Hurricanes, Wafer Spouts, 
and other Phtenomena, occasioned bp the Agita- 
tions of the Sea, and of the Air. 

The winds are more irregular on the land 
than on the sea, and in high than in low coun- 
tries. The mountains not only change the 
direction of the winds, but even produce some, 
which are either constant or variable, according 
to their causes. The melting of snows on the 
tops of mountains generally gives rise to con- 
stant winds, which last a considerable time. 
The vapours that strike against the mountains, 
and accumulate upon them, produce variable 
winds, which are very common in all climates ; 
and there is as great a variety in the motions of 
the air, as there are inequalities on the surface 
of the earth. We can, therefore, give exanu.. 
VOL. I. 2H 
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pies only, and a genuine history of faets : and, as 
a connected series of observations upon the va- 
riations of the winds, and even^ of the seasons, 
in different countries, is still wanting, we shall 
not attempt to explain all the causes of these 
variations, but shall coniine ourselves to those 
which are most probable. 

In high mountains, there are winds produced 
by accidental causes, and particularly by ava- 
lanches. In the environs of the Alpine glaciers, 
several species of avalanches are distinguishable ^ 
some of them are called windy avalanches, because 
they produce a great wind. Tiiey are formed 
when a new fall of snow has been put in motion, 
either from melting below by the interior heat 
of the earth, or by the agitation of the air. The 
snow then forms itself into balls, and in rolling 
accumulates, falls in vast masses into the valleys, 
and produces a great agitation in the airj 
because the snow runs with rapidity, and in 
immense volumes, and the winds occasioned by 
the motion of these masses are so impetuous, that 
they overturn every thing, even the largest pines, 
that oppose their passage. These avalanches cover 
the whole territory, over which they extend with 
a very fine snow; and this powdered snow 
rises in the air at the caprice of the wind, i. e. 
without any fixed direction, which is extremely 
dangerous to people in the fields} because they 
know not to what side to run in order to protect 
themselves} for, in a few seconds, they find 
themselves surrounded, and often conapletely 
buried with the snow. 
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Another species of avalanches, still more dan- 
gerous than the first, is called by the country 
people schlaglawen, i. e. dashing or striking ava- 
lanches. They proceed not with such rapidity as 
the first kind; but they overturn every thing 
in their way, and carry along with them great 
quantities of earth, stones, flints, and even en- 
tire trees; so that their passage from the moun- 
tain to the valley is a vast track of destruction 
and ruin. As they proceed with less rapidity 
than the avalanches composed of pure snow, they 
are more easily avoided. Their approach is 
announced at a distance : for they shake the 
mountains and the valleys by their motion and 
weight, and produce a noise equal to that of 
thunder. 

' These tremendous effects may proceed* from 
very slight causes: a small quantity of snovr 
falling from a tree or a rock, the sound of bells, 
or the sliock of a cannon or musket, provided 
they detach some portions of snow from the sum- 
mit, which form into balls, and increase in mag- 
nitude as they descend, will accumulate into a 
mass as large as a small mouatedn before they 
arrive at the valley. 

The inhabitants of countries subject to ava- 
lanches have invented several, pteeautions to pre- 
vent their destructive effectVi. They place their 
buildings opposite to sm all eminences, which 
may break the force of the avalanches. They 
likewise make plantations of wood before their 
habitations. At Mou* nt St. Godard, there is a 
forest in a triangular form, the acute angle of 
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which is directed towards the mountain, and 
seems to have been planted with a view to turn 
off the avalanches from the village of Urseren and 
the buildings situated at the foot of the moun« 
tain } and every person is forbid, under the 
severest penalties, to injure the forest, which may 
-be regarded as the safeguard of tiie village. With 
the same intention there are, in many places, 
walls erected with their acute angles turned to- 
Avard the mountain. A wall of this kind may 
be seen at Davis, in the country of the Grisons, 
as also near the baths of Leuk or Louache in Va- 
lais. In the same country of the Grisons, and 
other places, there are, in the pa.ssages through 
the mountains, vaults at convenient distances, 
cut out of the rock on the side of the highway, 
which serve passengers as places of refuge against 
the avalanches* . 

In straits, at the extremities of promontories, 
peninsulas, and capes, and in all narrow bays, 
tempestuous winds are frequent. But, indepen- 
dent of these, some seas are much more infested 
with storms than others. The Indian Ocean, 
the seas of Japan and of Magellan, along the 
African coast beyond the Canaries, and the op- 
posite coast near Natal, and the Red andVer-' 
milion Seas, are all subject to tempests. The 
Atlantic is likewise more tempestuous than the 
.great ocean called the Pacific ; this last ocean, 
however,' is no where perfectly tranquil, except 
.between the tropics; for the nearer we approach 

; * Hist. Nat .Helvitique, pur Scxheucbzer, tom. i. p. 155. 
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the poles, it is the more subject to variable 
winds, the sudden changes of which produce 
tempests. 

Alt continents are subject to the effects of va- 
riable winds, which are sometimes very singu- 
lar. In the kingdom of Cassimir, wliich is sur- 
rounded with the mountains of Caucasus, a most 
sudden reverse of seasons is felt on Mount Pire- 
penjale. In less than an liour’s journey, we pass 
frofti summer to winter: a nortli and a south 
wind, according to Bernier, blow perceptibly 
within 200 paces of each other. Tlie position 
of this mountain must be singular; and, there- 
fore, it merits -a particular examination. In 
the peninsula of India, which is traversed 
from north to south by the Gauts, the extreme 
heats of summer are felt on one side of ‘those 
mountains, and all the rigours of winter on the 
other. The same phsenomenon takes place on 
the two opposite coasts of Cape Rosalgate in 
Arabia : on the north coast the sea is calm and 
tranquil ; while the south coast is infested with 
continual storms. Ceylon exhibits another ex- 
ample of this phsenomenon. Winter and high 
winds reign in the north part of the island, 
while, on the south of it, fine weather and 
summer heats prevail. Of opposite seasons in 
the neighbourhood of each other, and at the 
same time, there are several examples, not only 
on the continent, but on the' islands, as at Cerem, 
a long island near Amboyna, in the north part 
of which it is winter, and summer in the south 
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part; and the interval between these two seasons 
is not above three or four leagues. 

The Russian voyagers have remarked, that, 
in the entry to the territory of Milim, there 
is, on the left of the river Lena, a great plain 
entirely covered with overturned trees, and that 
all these trees lie in a direction from south to 
north for an extent of several leagues; so that 
the whole district, formerly covered with trees, 
is now strewed with dead trunks in the above 
direction from south to north. Tliis eftbct of 
the south winds has likewise been observed in 
other northern regions. 

In Greenland, and particularly in the autumn, 
the winds are so impetuous, that the houses are 
often shaken to pieces, and the boats and tents 
carried up into the air. The Greenlanders even 
assure us, that, when they go out to secure 
their boats, they are obliged to creep on their 
bellies, lest they should become the sport of the 
winds. The most violent tempests come from 
the south, turn to the north, and then terminate 
in a calm. It is on these occasions that the ice 
in the bays is raised from its bed and dispersed 
in small portions over the ocean*. 

1“ Egypt, a south wind prevails during summer, 
which is so hot as to stop respiration ; and it 
raises such immense quantities of sand, that the 
sky seems to be covered with thick clouds. This 
sand is so fine, and is blown with such violence. 


♦ Hist. Gen* des Voyages, tom. xviii. p. 22, 
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that it penetrates the closest chests. When this 
wind continues for several days, it gives rise 
to epidemic diseases, which frequently cut off 
vast numbers of men. It seldom rains in Egypt; 
every year, however, there are some days of rain 
in the months of December, January, and Fe- 
bruary. But thick fogs are more frequent than 
rain, especially in the neighiwurhood of Cairo. 
These fogs commence in November, and con- 
tinue during the winter; and through the whole 
year, even when the sky is serene, the dews fall 
so copiously, that they have all the elfectsof rain. 

In Persia, the winter commences in Novem- 
ber, and lasts till March. The cold is strong 
enough to produce ice; and snows fall in the 
mountains, and sometimes in the plains. From 
March to May, there are violent winds, , which 
recal the warmth of summer. From May to 
September the sky is serene, and the heats are 
moderated during the night by fresh breezes, 
which continue till morning ; and, in autumn* 
there are violent winds, like those which blow 
in the spring. However, though these winds are 
very strong, they seldom produce tempests or 
hurricanes. But, in summer, a very noxious 
wind blows along the Persic Gulf, which is called 
Samiel by the natives ; it is still hotter and more 
terrible than that of Egypt; and, as it acts 
like an explosion of inflamed vapour, it suflb- 
cates every person who unhappily falls* within 
its vortex. A similar wind rises in summer 
along the Red Sea, which suffocates animals, and 
transports such quantities of sand, that many 
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people imagine this sea will, in the course of 
time, be completely filled up. Arabia gives 
birth to frequent clouds of sand, which darken 
the air, and excite dangerous whirlwinds. At 
Vera Cruz, when the hot winds blow from the 
north, the houses of that town are almost bu- 
ried with sand. Hot winds are also felt in sum- 
mer at Negapatam India, and likewise at 
Petapouli and Masulapatam. Tliese scorching 
winds, which kill men, are fortunately of no long 
duration j but they are extremely violent, and 
their heat and deleterious quality are propor- 
tioned to their velocity, which is contrary to 
the nature of other winds; for the more their 
rapidity, they are the more wholesome and re- 
freshing. This difference proceeds from the de- 
l^ree of heat in the air. When the heat of the 
air is less than that of the body, the motion of 
the air is agreeable. But, when the heat of the 
air is greater than that of the bodies of animals, 
its motion scorches and suffocates. At Goa, the 
winter, or rather the rainy and tempestuous sea- 
son, is in the months of May, June, and July, 
and it cools and refreshes the air, which would 
otherwise be perfectly insupportable in that re- 
gion. 

The Cape of Good Hope is famous for its 
tempests, and a peculiar cloud which produces 
them. This cloud at first appears like a small 
round 'spot in the he'avens, which mariners dis- 
tinguish by the name of the Ox’s Eye. Its 
seeming smallness is probably owing to its 
great height. Of all voyagers who mention 
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the Ox’s Eye, Kolbe appears to have exa- 
mined it with the greatest attention. “ This 
cloud,” says he*, “ which appears on the moun- 
tains of the Table, or of the Devil, or of the 
Wind, is composed, if I am not deceived, of an 
infinite number of particles, pushed, in the first 
place, against the mountains to the east of the 
Cape, by the east wind M'hich blows in the 
torrid zone during almost the whole year. 
These particles or vapours are stopped by the 
high mountains, and are collected on their 
east side. They then become visible in the 
form of small fragments of clouds, which, by 
the constant action of the east wind, are ele- 
vated to the tops of the mountains. Here they 
remain not long at rest; but, being forced 
to advance, they sink down between the hioun- 
tains, which are still before them, where they 
are locked up and squeezed on all sides, as iu 
a canal. The wind presses these vapours from 
above, and the opposite sides of the two moun- 
tains confine them on the right and left, till, 
in their progress, they advance to the foot 
of some mountains where the epuntry is more 
flat and open; they then expand, and become 
again invisible. But they are soon pushed 
against another ridge of mountains by fresh 
clouds coming up behind them ; and in this 
manner they proceed till they arrive witji vast 
impetuosity at the top of the highest moun- 
tains of the Cape, which are those of the 

• Tom. i. p. ast. 
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Wind or of the Table, where they are met by a 
wind blowing in the very opposite direction. 
Here a dreadful conflict ensues. The vapours 
are pressed both before and behind, which pro- 
duce terrible whirlwinds, either on the moun- 
tains of the Table, or in the valleys. When the 
north-west wind yields, that -of the south-east 
increases, and continues to blow with more or 
less violence for six months. When the Ox’s 
Eye is thick, the force of the south-east wind 
augnjents, because the vapours amassed behind 
the mountains continually press forward; for 
the same reason, this wind diminishes when 
the Ox’s Eye is thin; and it entirely ceases 
when the Ox’s Eye vanishes, because no va- 
pours arrive from the east. 

The circumstances attending this phaeno- 
menon lead to the following hypotheses ; 

“ 1. Behind the mountain of the Table, a train 
of thin white vapour is observed, which com- 
mences on the eastern declivity of this movin- 
tain, ends in a sharp point at the sea, and occu- 
pies, in its extent, the whole mountains of 
Stone. I have often contemplated this train, 
and imagined it to originate from the rapid 
motion of the vapour above described, from the 
mountains of Stone to that of the Table. 

“ 2. The passage of these vapours must be 
extremely embarrassed by the contrary shocks 
received not only from the mountains, but 
from the south and east winds, which prevail 
in the neighbourhood of the Cape. I have al- 
ready mentioned the two mountains situated 
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oo the points of False Bay, the one called the 
Hanging Lip, the other the Norvege. When 
the particles or vapours, which I have conjeC' 
tured, are pushed against these mountains by 
the east winds, they are repelled by the south 
winds, and driven against the neighbouring 
mountains, where they are detained for some 
time, ayd appear like clouds, as Uiey often do 
upon the mountains of False Bay, and even bet 
yOnd them. These clouds are frequently very 
thick above the land in the possession of the 
Dutch, upon the mountains of Stellenbosck, of 
Drakenstein, and of Stone, but especially up<m 
the mountains of the Table and of the Devil. 

La.stly, the constant appearance of small 
black clouds upon the Lion’s Head two or three 
days before the south*ea.st wind blows, cbnfinns 
me in my conjecture ; for these clouds, in my 
opinion, are composed of the particles or vapour 
mentioned above. If the north-west wind pre- 
vails when these particles arrive, theiir coune 
is stopped, but they are never driven to any 
great distance till the south-east wind com- 
mences.” 

The navigators who first approached the Cape 
of Good Hope, were ignorant of the effects of 
these clouds, which seemed to arise slowly and 
without any agitation in the air, but which, in 
a moment, excite the most furious tempests, and 
precipitate the largest vessels to the bottom of 
the ocean. In the country of Natal, a cloud, si- 
milar to the Ox’s Eye at the Cape, produces the 
same direful effects. These species of tempests 
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are frequent in the Atlantic, especially in the 
neighbourhood of the equator. Near the coast 
of Guinea, three or four of these storms some- 
times happen in a day, which are likewise occa- 
sioned and announced by small black clouds, 
while the rest of the sky is generally serene, 
and the sea perfectly calm. It is principally in 
April, May, and June, that these furious .storms 
arise along the coast of Guinea, because no re- 
gular winds blow there at that season. On the 
coast of Loango, the stormy .season is in the 
months of January, February, March, and April. 
At Cape Gardafu, on the other side of Africa, 
they have storms of this kind in May, and 
the clouds which produce them are generally 
in the north, like those of the Cape of Good 
Hope, 

All these storms originate from winds which 
issue from a cloud ; and their direction is from 
north to south, or from north-east to south-west, 
&c. But there are tempests of another kind, 
called whirlwinds, which are still more violent, 
and in which the wind seems to blow from every 
quarter at once. Their motion is circular, 
and nothing can resist their fury. They are 
generally preceded by a dead calm j but, in 
an instant, the waves are elevated to the clouds 
by the fury of the winds. Some parts of the sea 
cannot be approached ; because they are perpe- 
tually infested either with calms or whirlwinds. 
These places have been called calms and torna- 
dos by the Spaniards. The most considerable 
of them are near Guinea, about the second or 
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third degree of north latitude. They extend 
about 300 or 350 leagues in length, and nearly 
as much in breadth, which includes aspace of more 
than 100,000 square leagues. Calms and storms 
are so constant on the coast of Guinea, that there 
are instances of vessels having been retained three 
months without being able to sail. 

When contrary winds arrive at the same time 
in the same place, they produce whirlwinds, 
by the opposite motion of the air, in the same 
manner as whirlpools are produced in the sea 
by contrary currents. But when these oppo- 
site winds are counterbalanced by their distant 
action upon each other, they then revolve in a 
great circle and produce a perfect calm, which 
it is impossible for vessels to navigate. These 
places are all marked in the globes of Mr. Se- 
nex. I am inclined to think, that the contrariety 
of winds alone, if not assisted by the direc- 
tion of the coast, and the particular structure 
of the bottom of the sea in these places, could 
not produce this effect. I imagine that the cur- 
rents, which are in effect occasioned by the 
winds, but assume their direction from the 
figure of the coasts and the inequalities at the 
bottom,, terminate in these places ; and that their 
opposite motions, in a plain surrounded with a 
chain of mountains, give rise to the tornados in 
question. 

Whirlpools seem to be' nothing else 6ut cir- 
cular motions of the waters occasioned by the 
action of two or more opposite currents. The 
Euripus, so famed by the death of Aristotle, al- 
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ternately absorbs and rejects the water sereit 
times every twenty-fbar hours. This whirlpool is 
near the coast of Greece. Chary bdis, which lies neaif 
the straits of Sicily, r^cts and absorbs the watef 
thrice in twenty-four hours. We are uncer- 
tain as to the number of alternate motions in 
other whirlpools. Dr. Placentia informs us, that 
the motions of the Euripus are irregular for 
eighteen or nineteen days every month, and re- 
gular during the other eleven ; and that it seldom 
swells above one, or at most two feet. He farther 
informs us, that authors are not agreed as to the 
tides in the Euripus j. that some say it is twice, 
others seven times, some eleven, others twelve or 
fourteen times in twenty-four hours; but that 
Loirius, who examined it attentivdy, found that 
the tides rose regularly every six hours, and 
that their motion was sufficient to torn a null 
wheel. 

The largest known whirlpool is in tlie sea of 
Norway, the circunaference of which exceeds 
twenty leagues. It absorbs, for six hoirrs, water, 
whales, ships, and any thing tliat approaches it, 
and the next six hours are employed in throwing 
them up again. 

To account for these whirlpools, it is unne- 
cessary to have recourse tO' an. abyss, or to pits in 
the bottom of the sea, tvhich are perpetually 
swallowing the waters. It is well known^ that, 
when water runs. in. two directions,, the combi- 
nation of these niotions produces a whirling, and 
exhibits the appearance of a void space- in the 
middle. In the same manner whirlpools in the 
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sea are' occasioned by tv\ro or more contrary 
currents, and as the tides^ are the principal 
cause of currents, and, of course, they run for 
six hours in contrary directions, it is not sur* 
pti^ing, that the whirlpools, whibh are produced 
by them, should alternately reject and absorb 
every thing within their reach during the same 
portion of time. 

Whirlpools, then, are occasioned by contrary 
currents, and whirlwinds by the conflict of 
contrary winds. These whirlwinds are com- 
mon in the Chinese and Japanese seas, near the 
Antilles, and in many other places of the ocean, 
particularly in the neighbourhood of promiuent 
coasts. But they are still more frequent upon 
land ; and their effects are sometimes prodigious. 

I have seen,” says Bellarmin *, an ’ enor- 
mous ditch scooped out by the wind, transported 
in the air, and dropped upon a village, which was 
for ever buried under this load of earth.” A 
detail of the effects of several hurricanes may be 
seen in the History of the French Academy, and 
in the Philosophical Transactions, which would 
appear altogether inconceivable, if they were not 
attested by intelligent and credible spectators. 

The sapae observation may be made with re- 
gard to water spouts, which the mariner never 
beholds without terror and amazement. They 
are common on certain coasts of the Mediter- 
ranean, especially when the weather is cloudy, 
and the wind blows from several quarters at the 


* De Ascensu 'Mentis in Deum. 



480 OF IRREGULAR WINDS, &C. 

same time< They are more frequent near the 
coasts of Laodicea,^ of Grecgo, and of Carmel, 
than in any other part of the Mediterranean. 
Most of them are large cylinders of water which 
fall from the clouds, though at a distance 
water appears to rise up from the sea to the 
clouds *. 

But there are two species of water spouts; 
the first is that we have just mentioned, and is 
nothing but a thick cloud compressed, and sur> 
rounded by opposite winds blowing from dif> 
fcrent quarters at the same time, which make it 
assume a cylindric figure, and fall down by its 
own gravity. The quantity of water is so im- 
mense, and the rapidity of the fall so great, that 
if, unfortunately, one of these spouts break upon 
a shipr, it is dashed to pieces, and sinks in an 
instant. It is alleged, and with probability, 
that water spouts may be broken and dissipated 
by the commotion excited in the air by the 
firing of cannons, which corresponds with the dis- 
sipation of thunder clouds by the ringing of bells. 

The other species of water spout is called a 
typhon, and is very frequent in the Chinese Sea. 
The typhon descends not from the clouds, nor 
is it produced by the action of opposite winds. 
On the contrary, it rises from the water to the 
heayens with amazing rapidity. Whirlwinds 
often run along considerable tracts, bearing 
down houses, trees, and every obstacle that they 
meet with. But typhons remain always in the 


* See Sbsw’s Travels. 
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same places, and can be owing to nothing but 
subterraneous fires; for the sea is then in the 
greatest agitation, and the air is so impregnated 
with sulphureous exhalations, that the sky ap> 
pears to be covered with a copper-coloured crust, 
although there be no clouds, and the sun or the 
stars appear through the vapour. It is to these 
subterranean fires that we must ascribe the 
warmth of the Chinese Sea in winter, where these 
typhous are very frequent 

Thevenot, in his voyage to the east, gives 
the following account of water spouts : " We 
saw water spouts in the Persic Gulf, between the 
islands of Cluesomo, Lareca, and Ormutz. Few 
have had the opportunity of observing, and fewer 
still have paid the attention to water spouts, that 
1 have done. . I shall describe them with perspi- 
cuity and simplicity, in. order to render my ac- 
count the more intelligible. 

** The first that we saw, was on the north sids 
between us and the island of Quesomo, about a 
gun-shot from our ship. In tliis place we saw 
the water begin to boil, and to be raised abput a 
foot above the surface : it was whitish; and the 
top of it appeared like black smoke : it made a 
kind of whispering noise, like a torrent rush- 
ing down with violence into a deep valley. This 
noise was mingled with another, that resembJed 
the hissing of serpents. A little afterwards, we 
saw an obscure canal or pipe, which resembled 
smoke rising to the clouds, and revolved with 

* See Acte Erud. Lips. Sapplem. tom. i. p. 405. 

VOL. I. 2 I 



482 OF IRREGULAR WINDS, &C. 

considerable velocity: this pipe was about the 
sii^e of a man’s finger; and the same noise con- 
tinued. It then vanished, having continued in 
all about a quarter of an hour. We then per- 
ceived another on the south, which began in the 
same manner as the former : immediately a third 
sprung up to the west, and then a fourth likewise 
to the west ; the most distant from us not ex- 
ceeding a musket shot. Each of them appeared 
like heaps of smoking straw, and were accom- 
panied with the same noise as the first. We 
next perceived three pipes, or canals, extending 
from the water to the clouds, where each of them 
terminated like the mouth of a funnel or trum- 
pet, or like the paps of an animal drawn per- 
pendicularly downward by a weight. These 
pipes were of a dark white colour, which I 
imaging to be owing to the water they con- 
tained; for the pipes appeared to be formed 
before they were filled with the water, and 
they disappeared when they were empty; in 
the same manner as a cylinder of clear glass, 
when- held up in the light at a distance from the 
eye, is not visible, unless it be filled with some 
coloured liquor. , These pipes were not straight, 
but bent in some places : they were noLeven per- 
pendicular; on the contrary, from the clouds- 
into- which they were ingrafted, to the places 
from which they extracted the water, they were 
very mach inclined. And, what is singular, the 
dond to which the second of the three was at- 
tached, having been pushed forward by the wind, 
the pipe followed it without breaking, or quitting 
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its station in the water; and, passing behind the 
pipe of the first, they remained for some time in 
the form of a St. Andrew’s cross. At first, none 
of the three exceeded an inch in thickness, fx~ 
cept where they joined the cloud : but the one 
that appeared first, swelled afterwards consMUr- 
ably. The other two continued not longer than 
the one we had seen to the north. The second, 
on the south, lasted about a quarter of an hour ; 
but the first, on the same side of the vessel, con* 
tinued longer, and gave us some uneasiness. Con- 
cerning it, therefore, we have still farther to re- 
mark, that, although it originally was not larger 
tlian a man’s finger, it gradually swelled to the 
size of an arm, then to that of a leg, and, lastly, 
to that of the trunk of a tree, as large as a man 
could encompass with both his arms. We saw 
the water rising distinctly through this trans- 
parent body, which was of a serpentine form ; 
and it sometimes dim’mishpd in thickness both 
above and below. It now exactly resembled a 
soft tube filled with water, and pressed with the 
fingers, either above to make the fluid descend, 
or below to make it ascend ; aud I was satisfied 
that these variations were occasioned by the wind, 
which, \rhen jt pressed the canal above, caused . 
the water to descend, and, when the pressure was 
lower down, made the water ascend. After this, 
it diminished to the size of a man’s arm then it 
swelled to the size of a thigh; then became ex- 
ceedingly sm^ ; lastly, I perceived that the wa- 
ter elevated from the surface began to sink, and 
the end of the canal separated from it; when a 
S 1 @ 
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yariation of the light removed it from my view. 
X still, however, continued to look for it,, because 
I had remarked, that the canal of the second, 
spout appeared to break in the middle, and to re- 
unite a little afterwards, one half of it having been 
conifealed by the light ; but this last never more 
appeared. 

“ These spouts are exceedingly dangeroivs at sea; 
for, when they fall upon a vessel, they mingle so 
with the sails, that they sometimes raise the vesstl 
up, and let it fall back again with such violence 
as to sink it. But, although they should not raise 
the ship, they tear the sails, or let the whole Vvatcr 
they contain fall upon the vessel, which precipi- 
tates it to the bottom. It is not improbable, that 
many vessels, of which we never have any ac- 
counts, perish by such accidents, for there are few 
examples of our ever learning with certainty of 
ships being lost in this manner." 

The above account of water' spouts seems to 
have proceeded from several optical illusions. But 
I have related the facts verbatim, that they may 
either be confirmed, or at least compared, with 
those of other navigators. M. Gentil/in his voy- 
age round the world, describes water spouts in 
the following manner r “ At eleven o'clock, be- 
fore noon, the sky being cloudy, we saw around 
our ship, at the distance df about a quarter of a 
league, six water spouts, which began with a 
noise, like that of water running beloiv ground, 
and gradually increased till it resemble the hiss- 
ing noise occasioned by a high wind among the 
ropes of a ship. We first perceived that the sea 
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began to boil ; and its surface rose about a foot 
and a 'half; the top of this plevated part was co- 
vered with a thick fog, or rather smoke, which 
formed itself into a canal, and mounted to the 
clouds. These canals bended according as the 
wind carried the clouds to which they were at- 
tached. Notwithstanding the motion communi- 
cated t(\ the clouds by the wind, the canals not 
only adhered to them, but seemed to stretch out, 
ot contract, in proportion as the clouds rose 
higher, or sunk down in the atmosphere. 

" These appearances gave us much uneasi- 
ness ; and our sailors, instead of encouraging each 
other, increased their fears by dreadful stories. If 
these spouts, said they, fall upon the ship, they 
will lift -her up, and then plunge her to the bot- 
fom. Others maintained, with a decisive tone, 
that they would not lift (he vessel, but that, be- 
ing full of water,, if the ship went forward, she 
would break their communication with the sea, 
and that' the great body of. water, by falling per- 
pendicularly on the vessel, would break her in 
pieces. 

“ To prevent this misfortune, they lowered 
the sails, and charged the cannon. It is a gene- 
ral opinion among sailors, that the firing of can- 
non, by agitating the air, bursts and disperses 
water spouts. But we were not under the neces- 
sity of having, recourse to this . expedient ; for, 
after coursing round - the ship for about ten mi- 
nutes, some being about a quarter of a league 
from us, aud others nearer, the canals became 
gradually narrower,- detached themselves froni 
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the surface of the sea, and then entirely va- 
nished*.” 

From the description of these two voyagers 
it appears, that water sponts are produced, at 
least in part, by the action of fire or smoke, 
which rises with violence from the bottom of the 
sea } and that they are very dififerent from those 
which are occasioned by opposite winds.: ** The 
water spouts,” says Mr. Shaw f, ** which 1 had 
the opportunity of seeing, seemed to be so many 
cylinders of water falling down from the clouds $ 
though by the reflection, it may be of those de- 
cending columns, or from the actual dropping of 
the water contained in them, they would some- 
times appear, especially at a distance, to be 
sucked up from the sea. Nothing more, per- 
haps, is required to explain this phenomenon, 
than that the clouds should be first of all crowded 
together, and then, that contrary winds, pressing 
violently upon them, should occasion them to 
condense, and fall in this cylindrical manner.” 

Many facts remain still to be known before 
these phenomena can be properly explained. 
To me it appears, that, if there be, in particular 
places, at the bottom of the sea, a mixture of 
sulphur, bitumen, and mineral substances, these 
may occasionally be inflamed, which will pro- 
duce, like the explosion of gunpowder, a great 
quantity of air; and that this air newly gene- 
rated, and rarefied to a prodigious degree, mounts 
with rapidity, and may elevate the water from 


• Tom. i. p. 191. 
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the sea to the glouds. In the same manner, if 
a perpendicular current of air be produced by 
the explosion of sulphureous matter in a cloud, 
the whole of its water may follow this current, 
and give rise to a water Spout from the clouds to 
the sea. But, it must be acknowledged, that 
this account of the l^t species of spout is not 
more satisfactory than that which we have given 
of those produced by contrary winds ; for it may 
be asked, why those spouts, which originate from 
the clouds, are not as common, on land as upon 
the sea ? 

- The historian of the Academy for the year 
1727, mentions a land water spout that ap* 
peared at Capestan near Beziers. It descended 
from a cloud, like a black pillar, which gradually 
diminished, and ended in a point upon the> surface 
of the earth. It followed the direction of the 
wind, which was westerly ; it was attended with 
a thick smoke, and made a noise like the sea 
when greatly agitated. It tore up trees by the 
roots, and marked its way on the earth by a 
large tract in which three carriages might have 
passed each other. Another pillar of the same 
kind appeared, but it soon joined the first ^ and, 
when the whole was dissipated, there fell a great 
quantity of hail. 

This species of water spout appears to be dif- 
ferent from the other two. It is not said to hare 
contained water ; and it seems, both from what 
I have mentioned, and by M. Andoque’s expli- 
cation of it to the Academy, to have been only 
a hurricane rendered visible by the dust and con- 
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densed vapour which it contained. The same 
historian, for the year 1741, mentions a water 
spout which was seen irpon the lake of Geneva. 
It was of a cylindrical figure, the upper part of 
which ended in a black cloud, and the under 
part of it was narrow, and terminated near the 
surface of the water. This meteor continued 
only a few minutes ; and, at the momept of its 
dissipation, a thick vapour ascended from the 
place where it first appeared ; the water of the 
lake boiled, and seemed to make an effort to rise 
into the air, which was very calm the whole 
time ; neither was this spout followed either by 
wind or rain, • After all our knowledge of 
water spouts,” says the historian, “ does not this 
prove that they are not produced by the conflict 
of opposite winds alone, but that they almost 
always originate from volcanos or subterraneous 
vapours, which are known to exist at the bot- 
tom of the sea, as well as upon land ? Whirl- 
winds and hurricanes, therefore, which are gene- 
rally believed to be the cause of these appear- 
ances, may be only an effect or an accidental 
consequence of them.” 

M. de la Nux, whom I have often quoted, 
and who lived forty years in the isle of Bourbon, 
has had an opportunity of seeing a great number 
of water spouts, and he has communicated to me 
his observations, of which the following is an 
abridgement : 

The water spouts observed by M. de la Nux 
were formed, 1. In calm days, and in those in- 
tervals when the wind passes from the south to 
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the north ; though he saur one, which was formed 
previous to this passage of the wind from one 
quarter to another, and even in tlie current of a 
north windf i. e. a pretty long time before this 
wind had ceased: the cloud from which this 
water spout depended, and to which it was at* 
tached, was still violently driven to the south. 
The suiQ, at the same time, was seen behind the 
cloud to the south. It happened on the 6th day 
of January, about eleven o’clock before noon. 

S. These water spouts are formed during the 
day in detached clouds, apparently very thick, 
much longer than broad, and well defined below 
in the direction of the horizon : the under part 
of these clouds is always veiy black. 

3. All these water spouts at first appear 
under the form of inverted cones, whos^ bases 
are more or less extensive. 

4. Several of those water spouts that appear 
under the figure of inverted cones are some* 
times attached to the same cloud} some are 
never entirely completed} some are dissipated 
at a small distance from the cloud } and others 
descend apparently very near to the surface of 
the sea, under the form of a long flat cone, 
which is narrow and pointed at the bottom. In 
the centre of this cone, and through its whole 
length, there is a whitish transparent canal, about 
one third of the diameter, of the cone, the two 
sides of which were very black, especially on 
their first appearance.. 

These water spouts were observed from a point 
in the isle, of Bourbon elevated 1^0 fathoms 
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above the level of the sea, and t}ley were, gene* 
rally three, four, or fiye leagues from the place of 
observation, which was the house of M. de la 
Nux. 

.The following is a more particular description 
of these water spouts : 

When the end of the shaft, or top of the 
cone, which is then very sharp pointedyhas de- 
scended about a fourth of the distance of the 
cloud from the sea, we begin to perceive on its 
surface, which is commonly calm and of a trans- 
parent whiteness, a small black circle, which is 
produced by the agitation and whirling of the 
water: in proportion as the point of this shaft 
descends, the water boils; this boiling increases 
in proportion as the point approaches toward 
the surface, and the water of the sea rises in suc- 
cessive whirlings to a greater or smaller height, 
which, in the largest water spouts, is about 
twenty feet. The end of the shaft is always 
above this whirling, the size of which is propor- 
tioned to that' of the water spout, which puts it 
in motion. The end of the shaft seems not to 
touch the surface of the sea, otherwise than by 
joining itself to the boiling or whirling which 
rises to meet it. • 

We sometimes see larger and smaller cones of 
water spouts proceeding from the same cloud; 
some pf them have the appearance of threads, 
and others are much larger. We often see ten 
or a dozen of small but complete water spouts 
issuing from the same cloud, most of which are 
dissipated near their exit, and visibly ascend to 
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the cloud. In (this last case, the shaft suddci 
swells as far as the inferior, extremity, and ap^ 
pears like a cylinder suspended from the cloud, 
torn in pieces below, and of a small extent. 

'The water spouts with broad bases gradually 
enlarge through their whole extent, and likewise 
in the under end, which seems to recede from 
the sea and to approach the cloud. The agita- 
tion and whirling they produce in the water gra- 
dually diminishes, and the under pai*t of the shaft 
soon enlarges, and assumes nearly a cylindrical 
form. It is in this state that the two sides of the 
canal widen ; and we then see the water rushing 
with rigidity, and in a spiral form, into the cloud. 
Lastly, the appearance of the water spout termi- 
nates by tlie successive shortening of this species 
of cylinder. 

The largest water spouts remain longest with- 
out dissipating ; and some of them continue more 
than half an hour. 

A torrent of rain generally rushes out of the 
same part of the cloud from which the water 
spouts issue, and some of them not unfrequently 
still adhere to the cloud j these torrents of rain 
often conceal water spouts before they are dis- 
sipated. ‘ “ I perceived distinctly,” M. delaNax 
remarks, ** on the 26th of October, 17^, a water 
spout in the middle of one of these torrents, 
which became so great, that it was soon concealed 
from my view.” 

The wind, or the agitation of the air below the 
cloud, breaks neither the large nor the small 
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water spouts; for this impulsion only declines 
them from the perpendicular. The smallest 
kinds form very remarkable curves, and even 
sinuosities, The extremity which terminates in 
the sea is often far removed from the direction of 
the other which is attached to the cloud. 

We never see new water spouts formed after 
rain has fallen from the clouds which «produced 
them. 

“ On the 14th day of June, 1756, about four 
o’clock afternoon, I was,” says M. de la Nux, 

on the margin of the sea, and above its level 
twenty or twenty-five feet. I saw twelve or 
fourteen water spouts issue from the same cloud. 
Three of them only were considerable, and par- 
ticularly the last. The canal in the middle of 
the cylinder was so transparent, that, as the 
sun shone, I saw the clouds behind it. The cloud 
which produced so many water spouts extended 
nearly from south-east to south-west; and the 
large water spout under consideration appeared 
in the south south-west from my station. The 
sun was veiy low ; for the days were then about 
the shortest. I saw no rain proceed from the 
cloud : its height seemed to be from five to six 
hundred fathoms.” 

The more the sky Is obscured with clouds, 
water, spouts, and the phenomena which ac- 
company them, are the more easily observed. 

M. de la Nux thinks, and perbaps-with reason, 
that water spouts are nothing but viscous por- 
tions of a cloud driven off by different whirl- 
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winds, i. e. by the whirlings of the superior air 
sinking into the mass of'vhpours of which the 
whole cloud is composed. 

What seems to prove that these water spouts 
are composed of viscous parts, is the tenacious- 
ness of their cohesion; for they make inflections 
and curvatures in every direction, without break- 
ing: if the matter of water spouts was not 
viscous, fiow can we conceive that they should, 
without breaking, bend and obey the motion of 
the winds ? If all the parts did not flrmly ad- 
here, the wind would dissipate them, or,' at 
least, make them change their form. But, as 
the form both of the large and small water spouts 
is uniformly the same, this is almost a certain in- 
dication of the viscous tenacity of the matter of 
which they are composed. 

Thus the basis of the matter of water spouts is 
a viscous substance contained in the clouds, and 
every water spout is formed by a whirlwind of 
air pressing through the mass of vapours, and, 
by blowing up the inferior part of the cloud, 
pierces it, and - descends with its covering of vis- 
cous matter. And, as complete water spouts 
descend from the cloud to the surface of the sea, 
tlie water must boil and whirl at the place to 
which the end of the water spout is directed; 
because the air blows from the extremity of the 
water spout like the tube of a pair of bellows. 
The effects of thia blowiAg upon the ^ea will 
augment, in proportion as the cylinder approaches 
the surface of the water ; and. when the orifice of 
the tube enlarges, a greater qnajttity of air is per- 
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mitted to escape, and the agitation of the water 
is, of course, increased, t 

It has been imagined, that water spouts car- 
ried off and contained great quantities of sea 
water: the rains, or rather the spray, which 
often fall in the neighbourhood of water spouts, 
have strengthened this prejudice. The canal in 
the middle of every species of water spout is 
always transparent, on whatever side it iS viewed. 
If the water of the sea seems to rise, it is not 
in this canal, but only on its sides. Almost 
every water spout suffers inflections, and often 
in opposite directions, in the form of an S, the 
one end of which is in the cloud, and the other 
in the sea. Hence these water spouts, of which 
we have been treating, cannot contain water 
eiftier to be poured into the sea, or raised to the 
cloud. Of course, they can be attended with 
no danger, except what proceeds from the im- 
petuosity of the air which escapes from their in- 
ferior orifice; for we are assured by every per- 
son who has had an opportunity of observing 
these water spouts, that they are solely com- 
posed of air confined in a viscous cloud, and de- 
termined by its whirling to the surface of the 
sea. 

M. de la Nux has seen water spouts around 
the isle of Bourbon in the months of January, 
May, June, and October, i. e. in all seasons of 
the year. He has seen thepi in calm weather, 
and during the highest winds. These pheno- 
mena, however, may be said to be rare, and sel- 
dom appear but upon the sea; because the 
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viscosity of the clouds can only proceed from the 
bituminous and greasy particles raised, by the 
heat of the sun and the win^ from the waters of 
the sea, and collected in the clouds near its sur^ 
face. It is for this reason that water spouts sel* 
dom appear on land, where there is not, as on 
the surface of the sea, a sufficient quantity of bi- 
tuminous and oily particles to be exhaled by the 
action of the sun. They are sometimes, how- 
ever, observed on land, and even at great dis- 
tances from the sea; this effect may be produced, 
when viscous clouds have been, rapidly driven by 
a violent wind from the sea toward the land. M. 
Grignon, in the month of June, 1768, .saw a well- 
formed water spout in Lorrain,' near Vauvillier, 
among the hills, which are a continuation of the 
Vosges. It was about fifty fathoms high. Its 
form waS that of a column, and it communicated 
with a large thick cloud. It was impelled by 
one or several winds, which made the water spout 
turn rapidly: and it product lightning and 
thunder. This water spout continued seven or 
eight minutes only, and broke upOn the base of 
the hill, which is from five to six hundred feet 
high *. 

Water spouts have been mentioned by several 
voyage^; but no man has examined them with 
such accuracy as M. de la Nux. For example, 
these voyagers tell us, that, when water spouts 
are forming, a black smohe rises on the suface of 

* Note communicated by M. Grignon to M. de Bofibn, 
Aug. 6, IT77. 
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the sea: this appearance* we are certain* is d&< 
ceitfol, and process <^oIely frolai the situation 
of the observer. If he is placed on a situation 
so elevated, that the distance of the whirling ex-' 
cited in the water by the spout exceeds not his 
sensible horizon, he will see nothing but the 
water rising and falling back in rains* without 
any mixture of smoke. This fact is apparent 
when the sun shines -on the place where the phse* 
nomenon happens. 

These water spouts have nothing in ‘common 
with those agitatmns and smoke sometimes pro* 
duced by submarine fires, and of which we have 
formerly treated. 'Water spouts neither contain 
nor excite any smoke. They are every where 
rare: they are most frequent in the seas of warm 
climates* and where, at the same tune* calms aj% 
common* and the winds are most inconstant. 
They are likewise more frequent, perhaps* pear 
islands and coasts than in the opra sea. 
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